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NOTE TO THE READER 


This study is one of three studies 
commissioned by the Ministry on the subject of 
energy demand within the Province. 


The other two studies are: 


(1) Transportation Energy Demand Analysis, 
by Canadian Resourcecon Limited 


(2) Residential and Commercial Energy 
Demand Analysis, by Informetrica 
Limited and Energy Research Group, 
Carleton University. 


The purpose of these studies was to 
Critically examine the structure of energy demand 
within the Province, to review the possible 
changes that could impact on future energy use 
patterns and to provide a means for projecting 
future energy demand based on the user's own view 
of socio-economic and technological developments 
in the future. 


This report does not contain a forecast 
of future energy demand. The Industrial Energy 
Demand Study discusses the major energy consuming 
processes within 14 major subsectors. 
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INTRODUCTION 


1.1 - Overview 


The Ontario Industrial Energy Demand Study has been 
undertaken by Acres Consulting Services in two phases. 
Phase I, which resulted in the Overview Report of May, 
1976, covered the historical industrial energy use 
picture in Ontario and formulated the basis on which 
industrial sectors would be isolated for analysis and 
the basis on which the industries would be surveyed for 
energy use data. Phase II, represented by completion of 
this report, was the execution of the industrial energy 
Survey among 40 large energy using companies in Ontario 
and the model development for each of the selected 


sectors. 


This report specifies the knowledge gained from the ques- 
tionnaires and the way in which the quantitative data is 
handled in the model. Each section contains a descrip- 
tion of the industrial processes and the ways in which 
energy is used in each process. There is a separate 
discussion of technological and conservation factors 
which affect energy use and an appraisal or estimate of 
the long-run effects of these variables on energy use. 
Finally, there is a description of the model derived for 


the industrial sector in question. 


Within each industrial sector we have specified what we 
believe to be the most vital and important issues that 
may. affect process demand for energy over the next 25 
years. In some cases, these impacts have been estimated 
in quantitative terms while in others the detail required 
is beyond the scope of this particular study. Hence, we 


have simply stated that it is believed that certain 


factors would have an influence on energy consumption 

in the future. Each individual sector could be the 
subject of a long and detailed study at least as compre- 
hensive in terms of manpower inputs as this particular 


study. 


As specified in the original terms of reference, each of 
these individual models could be calculated without the 
use of computer facilities. However, it is clear that 
while this 1s possible, Lt 1s) a pathem tormidable,and 
complex calculation task, particularly if one is under- 
taking a total scenario which changes the output and 
demand for energy in each of the separate sectors. Hand 
calculation is possible and probably more convenient to 
study the impacts of various technological or policy 
issues in one or two sectors, but certainly not if one 


is changing population Or GNP forecasts of the’ future. 


ik. 20 aro CuGy Objectives 


The objective of the study, as originally stated in the 
terms of reference, was to develop a set of workable 
forecasting tools for the industrial energy sector in 
Ontario. The emphasis and direction of the study was on 
developing the tools for forecasting and not developing 

a specific forecast. The casual reader should not expect 
to see a coherent energy forecast as such, but rather a 


pattern or structure for generating forecasts. 


In addition to the above primary objective, it was clear 
from the beginning that an important secondary objective 
was the development of a much better understanding of 


the dynamics of energy use in industry. Consequently 


considerable importance has been placed on descriptive 
background of the individual industry sectors and the 
complex relationship of energy to industrial process. 
This approach should assist in understanding the models 
and add to the confidence that interested observers can 
place in the models' results and also allow a future 
user to modify a single sector to meet new needs with- 


Out a major reassessment of the industry. 


Loe SLUdy ADD Loa CH 


The methodology adopted for the industrial energy study 
can be loosely described as a bottom-up approach to an 
energy forecasting problem. Starting from a base of 

very limited assembled data on energy consumption in 
industry, the first priority was to assemble the relevant 
published material and establish quickly what was not 
available and would have to be obtained through a ques- 
tionnaire. Once this was completed, the questionnaire 
was designed. Two approaches to the questionnaire design 
were considered, one being the standard format that was 
adopted and the other, a questionnaire designed specif- 
ically for each sector to be investigated. Had time and 
budget allowed, the latter approach would likely have 
yielded more complete results or in a few cases more 
relevant answers. However, many of the visits to corpo- 
rations were undertaken by knowledgeable engineers and 
economists who were familiar with processes of the com- 
panies being interviewed and the specific questions 
relevant to a particular company or sector were usually 
explored in some detail. It is our judgment, therefore, 
that not too much has been lost by the use of the general 


questionnaire. 


The methodology for covering the selected companies was 
to mail the questionnaire and letter of introduction, 
following up with a phone call and then a personal 
interview. In many cases an additional interview to 
verify the data and the interviewer’s original write-up 
was also undertaken. This ensured confirmation of the 
interviewers' interpretation of the discussions and in- 
deed in many cases resulted in corrections being made 
to both data and written statements on the companies 
involved. Numerous meetings were also held with industry 
association officials to obtain views on the overall 


trends and problems for particular industrial sectors. 


Some questions arose regarding the viability of modeling 
individual sectors with respect to energy usage and also 
concerning the actual use that might be made of the 
developed models. The questions with respect to model 
viability usually arose from sources that have attempted 
their own internal energy models such as in the steel 
industry. “lae feeling was that the complexity and dif- 
ficulty of developing such models within the format of 
Our study time and budget could not possibly result in 

a useful model. This argument could be met with the 
counter argument that our purposes were somewhat differ- 
ent from the companies' modeling objectives in that we 
were not trying to represent exactly the operations of 


any One company. Despite this, some doubts remain. 


Notwithstanding these isolated difficulties, the general 
response from industry was positive and helpful and 
allowed the study team to assemble most of the data and 
information that was requested in the questionnaire as 
well as additional information that became necessary as 


the model development proceeded. 


ini (0 
TABLE: 1.1 


NET ENERGY CONSUMPTION BY INDUSTRY 
PN ONT AR Oise. 035 


Non-purchased 
Purchased & By-product 


Industry Fuel? Fuel Feedstock Total Per Cent 
(Btu x 10°) 

1. Abrasives Sieh S| = = By 465 0,42 
2. Agriculture? 34,145 = - 34,145 4.15 
3. Auto. Manufacture ih loreal) = = JL geen eo ioe 
4. Cement LA Ngee PAM | - = Dib ig oad Le 
5. Clay Products S107 - ~ 5,107 0.62 
6. Food and Beverages SoG aU = a Syelpesle) 4.64 
yaeciass 12,169 - - 12,169 1.48 
8. Industrial Chemicals 79,683 ~ 27 AGI LOl, ead ELIA 
9. Iron Foundries? 6p 233 - Dudes oe eee? Oy. 2.49 
10. Iron and Steel 58,324 iM Evins Tet OO) Seen) eek. e 
ieee Lame 5,960 ~ - 5,960 GA72 
12. Mining, Smelting? 66,847 ~ - 66,847 Cred 
13. Petroleum Refining 6,826 6.0 mudi - 67,567 S22 
14. Pulp and Paper 73,697 16,154° - 89,851 10.93 
15. Other Manufacturing 113,746 - - iien746) 33.83 
Total 55 ie 24 Mee leg £420 Looe 6 ccm iece 2305 100.00 


Source: Detailed Energy Demand and Supply in Canada, 57-207 
Refined Petroleum Products, 45-204 
Census Of Manufacturing, various issues 
General Review of the Mineral Industries, 26-201 
Ontario, Hydro 


1 1974 data modifies to 1973 base. 
2 Iron Foundries includes 14,718 x 10? Btu from Auto. parts manufacturers. 


3 Mining, milling, smelting and refining consists of 32,427 x 10? Btu 
from mining and 34,418 x 10? Btu from smelting and refining. 

4 Coke oven gas. 

oeifuc los a Goa 9) ,etuieingas (25,7/5)) and other (487)-. 


6 Waste recovery - spent liquor and bark and hydraulic generation 
(hased one Loy 2Zedatay, 

f Pueleorl 727 eancunatural, qasmeel, 734). 

8 Coke. 


9 Includes gasoline and L.P.G. which, except fOr -agEzcuLture, are not 
addressed in the model. (See Appendix C) 


A few final comments are in order to provide at least 

One Or two insightS gained in preparing the study for 

the Ministry of Energy. First, it is apparent that 

this review of rather a large number of industries is 
insufficient to satisfy the concerns and interests of the 
industries involved. The decisions and actions of even 
the simplest of industries cannot be efficiently captured 
in a Single relationship. At the same time, however, 
these criticisms from the industries should not be over- 
emphasized in that the effort expended on the study has 
revealed many of the vital and important characteristics 
of the decision-making processes as they affect energy 


in the ‘specific industrial sectors: 


Several appendices are included with this volume. Appen- 
dix A summarizes regression equations adopted for the 
output demand calculations and the dependent variables 
used in the equations. The historical values of the 
variables are also presented. Appendix B lists the con- 
version factors used in the study. Appendix C is a 
statistical summary by industry over the period 1964 to 
1973. "“Datallisted ancludes thesprinciparstatvsetics of 


the industry, fuel consumption and distribution by fuel 


type. 
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- MODELING APPROACH 


Pit Gey Aeuciee fehwlehosotgl 


The modeling exercise undertaken for this study is based 
loosely on the concepts of both regression and simula- 
tion. Standard multiple linear regression techniques 

are employed to forecast the demand for the products of 
the particular industries under study. Once determined, 
these figures then become input to the individual simula- 
tions of each industry to determine the means of supply 


and the energy requirements. 


2.2 - Demand 


For the purposes of this model, the demands on Ontario's 
industrial sector are expressed in terms of the output 
of each major industry. Thus, the cement industry is 
measured in tons of cement, the abrasives industry in 


terms of tons of its products: alumina oxide, silicon 


carbide and grinding wheels. Most industries have many 


more products than those which will be listed in this 
model. We have attempted, however, to isolate only those 
products which require large amounts of energy to produce 
and/or are considered to be the prime output of the in- 


dustry in question. 


The product or products selected are then matched to an 
external variable which is considered to be a driving 
force behind the industry. These driving or independent 
variables include such items as Gross National Product, 


Population or the output of a related industry. 


The output figures are not rigidly linked to the exter- 
nal variables within the model. -.The links are presented 
as default conditions and are used to avoid a detailed 
marketing study of each of the 15 industrial sectors. 
Later scenarios may require that an alternative structure 
of the economy be postulated. This type of structural 
change can be accommodated by reassigning the links or 
imposing growth constraints on selected sectors of the 


economy. 


The results of the regressions,! derived as the base case 
Or some modification, represent the demands on the pro- 


ductive capacity ote 1nduserey. 


Pre ph Uw’ ead 8) 8). 5.4 


A small simulation model is specified for each of the 
industries in this study. The model is based upon the 
production processes identified within the industry and 
is specifically oriented toward the energy inputs to the 


processes. 


Each model consists of two stages. The first assigns 

the demand figures (as computed in section 2.2 above) to 
the specific processes of the industry. This assignment 
is based on current practice in the industry and corre- 
sponds to the base case or “business as usual condition". 
It is also tempered to a degree by the current capacity 


of each process as expressed in the model description. 


1 In several cases the demand is specified as an 
exogenous variable which must be supplied by the 
user. These were used where the output derivation 
procedure was governed by a non-quantifiable element 
Such aS government policy. 


The parameters used to apportion the total output to the 
processes are determined exogenously and thus can be modi- 
fied, Withinwslimits, to reflect conditions of specific 
Scenarios. These scenarios could show, for example, an 
Older energy-inefficient process being phased out and a 
more energy-efficient one replacing it over a forecast 
period. The output data so calculated is formatted in 

a column matrix, one row of each process identified in 


the industry model. 


The second stage matches the assigned process demand to 

a per unit energy matrix. This matrix contains the fuel 
requirements -- coal, fuel oil, natural gas and electric- 
ity -- to produce one unit of output.? The coefficient 
for each energy form embodies the current technological 
levels of each process. Where new technology is antic- 
ipated it has been included as a new process, thus a 
technological change is not reflected as a change in the 
coefficient but rather as a movement to another coeffi- 
c1entv in -theematrix. ~ The “£ormateol they matrmix 1s "such 
that there is one row for each process and one column for 
each energy form. In most industrial. sectors there are 
four columns one for each of fuel oil, natural gas, coal 
and electricity. Additional columns have been provided 


where necessary for such items as feedstocks and steam. 


The product of the per unit energy requirements matrix 
and the demand column matrix is the total demand for 


energy by energy form. 


1 While gasoline and L.P.G. are included in the summary 
tables and totals by industrial sector (Table 1.1 and 
Appendix C), they are not explicitly identified in the 
industry models with the exception of agriculture. 
Consumption of these fuels in wholly industrial pro- 
cesses (excluding, for example, transportation of 
goods) is minimal and could not be considered at length. 
Total consumption represents 2.28 per cent of total 
industrial energy consumption (p. C-18). 


2o4) — oUuMmMaLy 
In summary, the methodology is: 


@® Estimate total industry demand through multiple 
linear regression, Simulation or trend analysis 


and the driving variables of the industry. 


The selection of output figures to suit the 
base data requirements is tempered a great 
deal by the availability of data. Often only 
national figures or figures which included 
undesired information are available. These 
have been modified through consultation with 
the industry or knowledge of certain aspects 
of the iundustrial strwuceure, to,obtain) provin— 
cial data consistent with the needs of the 
model. 


@ Assign demand to the various production processes. 


Assignment to the various production processes 
is based on technological requirements, knowl- 
edge of existing capacity by process and current 
industry practice. The most common assumption 
made in this Section and one which was required 
in the absence of detailed industry by industry 
records was that all facilities would be oper- 
ating at the same percentage of capacity. 


@ Compute total energy consumption uSing the assigned 


demands and per unit consumption figures. 


Per unit energy consumption figures were pro- 
vided to a large degree in the survey conducted 
early in this study. This information was 


Supplemented by the literature and in-house 
expertise. 


The assumptions, base data and parametric values are listed 


and described in each industrial sub-sector. 
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INDUSTRY MODELS 


3.1 - Abrasives 
3.1.1 - Industry Overview - Energy Use 


During 1973 the producers of crude abrasives and abrasive 
products in Ontario consumed 3,483 x 109% Btu of energy. 
While this figure represents less than 0.5 per cent of 
total industrial energy in the province, the industry is 
Significant because it is one of the more energy-intensive 
industries. This statement holds for all three measures 
of intensity: Btu/employee, Btu/dollar of value added or 
Btu/dollar of shipments. Another, perhaps more signifi- 
cant reason for a separate analysis of abrasives is that 


electricity is a large portion of its purchased energy. 


Other energy sources for the industry are fuel oil and 
natural gas. Petroleum coke is also utilized in the 
abrasives manufacturing processes,! but it is considered 


to be a material input rather than an energy source. 


— 


3.1.2 - Industry Overview - Markets 


Ontario is the world's leading producer of artificial 
abrasives, Supplying 70 per cent of the world production 
of alumina abrasives and more than 50 per cent of the 
Silicon carbide products. Abrasives and abrasive products 
find their greatest use in metal working and machining 
industries, notably in the automotive and aerospace sec- 
tors. However, grinding is a time-consuming and thereby 


expensive operation and is replaced with cheaper processes 


1 The industry in Canada consumed some 139,733 tons 
of petroleum coke in 1973 (Statistics Canada 44-202). 


wherever possible. Such products as extruded aluminum 
sections, aluminum die castings and molded plastics are 
finding increasing uses as replacements for grinding 
operations. This results in a declining per unit demand 
for abrasives in these industries. Extensive research 
to find new products and market areas based on the abra- 
Sive materials hopefully can compensate for much of the 


reduced demand in the traditional markets. 


Most of the artificial grain produced in Ontario is ex- 
ported in its crude form to be used in the production of 
grinding wheels. Only a small percentage is fused into 


grinding wheels within the province. 


3.13 =sProductzon= Process 


The andustry is dominated by thegoroducti10n sor si worpro— 
ducts, aluminum oxide (Al»,03) and silicon carbide (SiC). 
The products are differentiated by raw material mix as 
much as by production process. Al ,03 is best suited to 
grinding of heat treated steels. SiC is used to grind 
hard and brittle materials such as glass, ceramics and 


drilled iron castings. 


Aluminum oxide is produced in an electric arc furnace, 
either of a batch om a continuoussmelt type; otneplatter 
being of a similar construction to steel melting fur- 
naces. The furnace charge is a mixture of bauxite, 
petroleum coke and iron. Electrical power, provided by 
the electrodes in the furnace, fuses the alumina and 
reduces the silica in the bauxite to silicon which unites 
with the iron to form the by-product ferrosilicon. Blec-— 


tricity is the only fuel consumed in the process. 


\ 

ja 
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Silicon carbide is produced in an electric resistance 
furnace from a charge of 60 per cent silica sand and 40 
per cent petroleum coke. Electric power, provided by 
graphite electrodes at each end of the furnace bed, 
raises the temperature of the charge to 2400°C at which 
point the carbon and silica combine to form the finished 


produces. 


Both processes take about a week to produce the desired 
products, after which they are crushed and ground to 
form abrasive grain for the market. Electricity provides 


the power for both crushing and grinding. 


Most of the abrasive grain is eventually consumed in the 
production ofsgtinding wheels.) sfhegoraines tosmixea with 

a Suitable bonding agent and heated slowly to approxi- 
mately 2300°C. Natural gas is the preferred energy form 
in this process. Gas-fired kilns enhance pollution con- 
trol and product quality..”. fuel eoiieiseavarlaplie as a 
Stand-by fuel in case of an interruption in the supply of 
natural gas. There is a possibility that electricity may 
be adopted for use on new kiln equipment because of ease 
of control, environmental advantages and product quality. 


No definite plans in this regard have been announced. 


The final activity Ofsthnesinouscry si sechnes production sds 
coated abrasive products, e.g. sandpaper. Abrasives, 
both natural, garnet, flint and emery, and artificial, 
aluminum oxide and silicon carbides, are glued to a paper 
Or cloth backing andVdricdminwaeods- i) bcOsovel. ssomal. 
amounts of electricity are also used in this process. 

The volume of gas consumed in this process was too small 


to warrant separate consideration. 


3.1.4 - Energy Consumption 


Energy consumption is essentially in two forms: electric- 
ity and natural gas. It is estimated by the industry 
that 93 per cent of the electrical load is used in the 
furnaces, the remainder is motor load and other uses 

Such as lighting. Some 67 per cent of the natural gas 

is used for process heat, the remaining 33 per cent is 
for space heating. ! Based on 1973 data,! the components 


of total energy demand in the industry are as follows: 


Process: 
Electric furnace C4an,2 
Process heat (gas) 6.4 
Motor load Bye) 

Space heating Sie 

Other iaghting) O24 

On70 


Fuel oil consumption is not included here as it is only 
used as stand-by fuel in the event of a curtailment of 


natural gas supplies to the grinding wheel process. 


3.1.0 —p lle rUuCuUre OlC OOK 
Markets 


The industry Overview outlined the changing patterns of 
market in abrasives industry and the pressure on the 
industry of substitution of plastics and aluminum extru- 
sions for ground and polished metal. This has resulted 
in relatively slow growth of just over 2 per cent per 
year. In the longer term future, such pressures are 


likely to persist thus leading to the conclusion that 


1 Acres Survey and Ontario Hydro Study, Energy Use 
in the Abrasives Industry in Ontario, May 1974. 


Slow growth will continue. The heavy reliance of the 
industry on cheap electricity, the raison d'etre for the 
industry's existence in Ontario in the first place, could 
leave the production of abrasives in Ontario vulnerable 
to new production overseas in cheaper energy regions. | 
In the longer run beyond 1986, the scenario of no-growth 
Or even decline in Ontario production is probably not 


unreasonable. 


Conservation 


The industry has definite energy conservation programs. 
These programs are focused in two areas. The first deals 
with housekeeping which, in turn, is a function of 
Scheduling and operating procedures. This program is 
expected to save 10 to 15 per cent on current energy 
consumption and should be achieved by 1985. The second 
is aimed at finding an abrasive material which requires 
less energy to produce, either through additives to 
current materials or new materials. No estimate of con- 
Sumption or savings was available in this area, nor is 
there a clearly definable possibility of achieving results 
in this research. The long-term outlook is therefore 
predicated on continued production of present abrasive 


proaductirs:. 


Technology 


Current research indicates there are no viable alterna- 
tives to the electric furmace in abrasives manufacture 
within the 25-year time frame of this study. ‘The only 
foreseeable technological change, as mentioned above, is 
directed toward reducing energy input by modifying the 
raw materials charged to the furnace. In addition, 
electrical energy may be adopted on replacement equip- 


ment in the finishing processes to enhance control and 


product quality and to benefit from the environmental 
advantages of eliecirictrty... Tis ecouldepush the relectri- 
cal demand up to about 95 per cent of energy requirements 
in the industry by 1990 and would result in space heating 


as the only non-electric energy demand in the industry.! 


Jo. Gene LROUSthy Mode 


Five energy-related processes have been identified in the 


abrasives industry as: 


Aluminum oxide production, 

Si VeOnscarblde production: 
Crushing and grinding, 

Fusing of grinding wheels, and 
Utilities 


® ¢© @ @ 6 


The demand for abrasive products over the past decade has 
been subject to wide fluctuations reflecting the demand 
in its major market area: automobile manufacturing. Other 
markets have been developed in the ceramics, glass and 
iron and steel industries and include the use of various 
by-products, e.g. ferrosilicon. The largest export 
market for Canadian abrasive products is in the United 
States, Total demand has been related to the total pro- 


duction of automobiles in North America. 


The model is concerned with the production of three 
abrasive products: aluminum oxide (Al203), silicon car- 


bide (SiC) and grinding wheels made from these two crude 


1 Space heating is currently slightly over 3 per cent 
of total energy demand. 


products. Canadian output of crude abrasive products, 
expressed in tons, was available for all years,! however 
Ontario production was available for 1971 only. * The 
output of grinding wheels was not listed and was calcu- 
lated as the total tons of SiC and Al ,03 used as input 


to the production of the wheels. 


Based on the relationships expressed in 1971, it was 
assumed that 45 per cent of the Canadian output of SiC, 
90) perscent rot the production .ereAlo, Oseandey) atid veai 


of the grinding wheels were from Ontario plants. 


In order to substantiate this assumption, the value of 
Shipments for Ontario derived from the assumption was 
compared to the actual value for the province. The esti- 
mates were consistently over 90 per cent of the actual 


figures. 


The estimated output figures revealed that an average of 
74.5 per cent of the total provincial -output was Al303, 
the remainder was SiC. In addition, the tons of crude 
abrasives used to produce grinding wheels represented an 
average of 3.2 per cent of the total output of these 
grains. We have found no data which would indicate a 


future change in either of these proportions. 


Per unit energy consumption was obtained from the survey 
and confirmed in the literature search. Earlier in the 
decade the industry used coal, fuel oil and natural gas 
for the fusing operations and space heating. Current 
practice uses, almost exclusively, natural gas with small 


amounts of fuel oil. Electricity is used in all of 


1 Statistics Canada - 44-202 
P| 


“Ontario Hydromecudy- 


the processes identified in the model: Al,0,; production, 
SLoepLoOducCuLol, BOLING Ingmot mln SiecmerTOUuGreSs atid] Of raw 
materials, fusing of grinding wheels and plant utilities. 
Natural gas is consumed only in the fusing operations 
and for utilities. Utilities include space heating, 
electrical motive power and gas-fired ovens for ferro- 


Carbon production. 


LicmlineatechatacrenistrcnOr more ih cits SeCtlon 16 that 
most of the crude abrasive output is exported to the 
United States. Finished products such as abrasive wheels, 
paper and cloth have traditionally been for domestic use. 
Recent data, however, indicates that exports of finished 
products have increased dramatically. If this trend were 
to continue and more finished products were to be pro- 
duced domestically, increases in energy consumption in 

the finishing processes could be expected. The form of 
energy. consumed —— NatuLal Gasw Un electricity == wri 
depend upon the investment plans for new equipment in this 


process as discussed earlier. (Section 3.1.5 —- Technology) 


Demand for total abrasive products in tons is calculated 


as: 
(IR Sals) tata tens QO. =<—050" Oe) O05 (AUTOP, _,) 
where, Q;, is Ontario abrasives industry output 
cir cons, 
AUTOP, _ is total North American auto produc- 


tion, lagged one year. 


Total demand as comouted above will include the demand 
in tons of the two major crude abrasive materials, Al 203 
and SiC... As energy. consumption per unit output is dif- 


ferent between the two, it is necessary to apportion the 


total demand. 


(12) et ee Q. 


(ete) OAS Vm ipo) ar Ce Dae) Qy 


where p, is the proportion of the total demand 
to be met by aluminum oxide. This parameter 
as discussed earlier has a current value of 
00745. “Thus7ois vse cthepduan tr lyse mea ain nam 
Oxide and q»y the quantity of silicon carbide 
produced. 


The final major energy consuming process is the produc- 
tion of grinding wheels. The output is related to the 
total demand of the industry 7 ecouUss Clee lait b yor mcr ini 
ing wheels produced is expressed as a proportion of (pz) 
of total demand: 


CPS ied ots q3 = po Q 


Historical values for these variables are provided in 


Table 3.la. 


Currently no allowance has been made in the model for 
energy consumption in the production of coated abrasives, 
e.g. paper and cloth abrasives, because this component 
was small in both total output and energy intensity. If 
either of these conditions were to change, an additional 


quantity figure, q,, would be required. 


The average weight of the automobile as it relates to the 
amount of iron and steel in the vehicles will have an 
effect upon demand for abrasive products. No data was 
readily available with which to test this relationship. 
In an effort to meet government mileage requirements in 
their products, automobile manufacturers have been re- 
placing heavy components, usually made of iron and steel, 


with lighter molded plastics and cast aluminum products 


which do not reguire abrasives in processing. This 
clearly results in reduced demand for the products of 
the abrasives industry. The relationship between auto- 
mobile weight and abrasive demand should be investigated 
and considered in the basic demand equation (1.1) at 


some future date. 


Three issues affecting potential energy consumption in 
the production processes were identified as the produc- 
tion mix of Al» 03 versus SiC, the development of new 
products requiring additional (or reduced) processing 
and the inclusion of additives to the raw materials to 
reduce energy input. No assessment of changed energy 


input was available. 


Per unit energy requirements were obtained from the Acres’ 
Survey, the Ontario Hydro Study and from other literature. 
The data are listed in Table 3.1b as millions of Btu per 
ton of output as measured by the relevant variable. Thus, 
the production of one ton of aluminum oxide currently 


requires 8,530,000 Btu of electricity. 
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TABGE WO ced 


VARIABLES IN OUTPUT FORECASTING EQUATION 


Year Dependent Variable Independent Variable 


(t) (One (AUTOP, _,)* 
1964 Leila 95.0 S762 oe 
1965 196,705 8,293,600 
1966 214,283 9,996,586 
1967 179,474 OF 2925301 
1968 15760 8,150,848 
1969 196,578 9,714,007 
1970 181,968 9,260,490 
1971 158,607 Tpke ee L.0 
1972 191,089 9,679,645 
1973 PURE 9, BONE O79 Sass | 


| Abrasives, Ontario outputein» tone toca os 
aluminum oxide and silicon carbide) 


2 Motor Vehicle Manufacturers Association, number of 
passenger vehicles produced in North America lagged 
One year. | 
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TABLE 3.la (cont'd) 


ESTIMATES OF ONTARIO ABRASIVES OUTPUT 


EOGAl ~SeLo7s 
(tons) 
Grinding 
Grind— ire a2 Wheels 

Woes. riamoce hess. ey as 3% as % 
Year Output ae SiC Wheels’ “of Total’ of Total> 
1964 isos 0 3675.05 Bidy4eo SFOs Vien As 
igeRees) 9 BL OS 527360 44,345 77503 Teer 4.0 
1966 214,288 P65 n525 48,758 Sh oleny <2 eet 20aG 
1967 £795,474 L367L79 AS72905 S015 gists.) Shee 
1968 Le Gr 9:0 E27 7002 49,128 572380 2 tals cigs 
SEN EVE, Ieee Gs: a7 7839 48,689 5,461 Toe Or he 
To 0 18,968 12307224 51,644 57303 Poest6 Boe: 
EO. 5B 6.057 LI22039 46,568 AS yO m6 Bane 
nO 2 os ao 1397425 51,664 Sy siens: ion 0 4.0 
TS) TEs) 2085.8 TS 4g 2 52), 2246 Ali Te ees BoD 
Average 
1964-73 = = = = 1a Boe 
SOULrGe me oLALUS UCSC alnaud ses —2U 2. 

INen@evey= 


1 90 per cent of total Canadian production of Alj03., 

2 45 per cent of total Canadian production of SiC. 

3-100 per cent of total Canadian production of Sic.and Al j03- 
4 Average of 74.5 per cent used in model. 


5S Average of 3.2 per cent used in model. 


on 


AWANRUISY Bley Me) 


PER UNIT ENERGY REQUIREMENTS 
ABRASIVES INDUSTRY 


4 
(Btu x 10°/unit) 


Energy Form 


Production Process Per Natural Eiec- 
(Variable) Otis Gas Coal _ CElcley 
Al,03 production (q;) > - - 8.53" 
SiC epLOductiona ca) = = = ph 7) 6 
Grinding (Q;) = = - Ooo 
Fusing. grinding wheels, (q3)/ - ut spy = she ves 
Utilities (Q,) -° 16,05> Bae 1852 


Acres Survey and Ontario Hydro Study. 
Taggart, Handbook of Mineral Dressing (75 hp-hr/ton). 
PCGCSeclliGyevs. 


Units are tons Of QUtDUt On cache proces. 


On 


The primary use of fuel oi] as reported so Devas 

a standby fuel for natural gas in the fusing operation. 
No specific data was available for this study; however, 
based on 1973 aggregates the coefficient when included 
assed utility processs1s5) 0.3558 tue<e10S/ tonmotvabtrasiver: 


3.2 - Agriculture 
3.2.1 - Industry Overview - Energy Use 


The direct utilization of energy in Ontario's agricul- 
funda oroduction 15) considerabie, both in, terms of total 
quantities consumed and as a percentage of the total 
dollar value of output. Expenditures on energy represent 
6.4 per cent of total operating expenses. In addition, 
the consumption of energy through indirect means by the 
application of fertilizers and insecticides as well as 
in capital equipment is substantial. In fact, efforts 
directed towards increased energy efficiency in the pro- 
quctzons.oL these indirect, inputs vorsthe introduction of 
less energy-intensive substitutes would seem to offer a 
far greater impact on fuel consumption in Ontario than 
programs aimed at reducing the level of direct energy 


inputs within the agricultural sector. 


Approximately 34.12 x 10!% Btu were consumed in agricul- 
tura Uiproduction vine lo7 4), ecomprising 47:5 pes centiof 
Ontario's total industrial energy for that year. The 


estimated breakdown by fuel is: 


Gasoline S 
Diesel 2 
Natural Gas i 
et. 

Fuel Oil 1 
HLECEGLCULY 83 


Source: Derived from R.G. Winfield, Energy for Food 
Production, in Ontardo, L974: 


3.2.2 - Industry Overview - Markets 


Demand for agricultural produce in Ontario has continued 
to rise with increasing population in the province. This 
trend is expected to continue with the agricultural sec- 
tor becoming increasingly oriented toward serving the 
growing provincial urban centres rather than national or 
international markets. The redirection to provincial 
markets will be reinforced by increasing transportation 
costs in Canada and the United States which, along with 
continued shortages in world markets can be expected to 
result in improved price competitiveness of locally pro- 
duced foodstuffs. Therefore, outside of any cyclical 
trend in economic activity, expansion of both physical 
Outputs and dollar value of receipts may be expected to 
grow at 3.5 per cent per year for the decade in line with 


projected rates of urban growth in the province. 


Within the sector itself, prospects for particular com- 
modities are less clear. The quantity produced of many 
goods such as tobacco, eggs, and milk are highly sensitive 
to governmental programs as well as consumer preference. 
However, allowing that there will be no major shifts in 
provincial and federal agricultural programs, it may be 
safe to assume that no important agricultural goods will 
suffer significant weakening in demand, thereby keeping 


the overall mix of outputs constant. 


a. 3) —- -PrOdUCTLONME OCS > sam 

. and Energy Consumption 

There are three major functions in which energy is con- 
sumed. First,:there are operation of internal combustion 


engines used primarily as sources of motive power for soil 


Manipulation. Second are burner operations for drying 
and space heating. As far as possible, operation of 
private automobiles, domestic heating and lighting have 
been excluded from consideration in all data presented. 
A final category of miscellaneous has been added to 
capture utilization of energy not covered by other func- 


tions. The estimated percentage distribution by function 


and process is: 


Function Process 


—) 
© 


Engine operation - Motive power 57% 

Burner operation np Lt parsbe sei iobaiat aia, 7% 
- Space heating: 

(Brooding 4% 

(Greenhouse heating 10% 

CTobaceo® curing 13% 

Miscellaneous 9% 


be 


Source - ee DeLrrvedwEromeRsou Winttedldry1o/4. 


Of the six energy sources used widely in agriculture, 


gasoline, diesel and electricity appear to be essential 

to farm operations. Without an alternative to conven- 
tional powered trucks and tractors, no significant changes 
in consumption can be anticipated. Equally, the use of 
electricity to power pumps and lighting is indispensable 
especially in the dairy industry. Shortages of these 
fuels or sudden price adjustments, because of their vital 


nature, could seriously disrupt agricultural production. 


Pinetree cascer Or Uatiral Gas,, uel Cll» and L.e.G., Greater 


ability to substitute among the fuels consumed is evident. 


Therefore, agricultural production may not be signifi- 
cantly affected byschanges@ingeri cingpotmsayailani. lew 
Given appropriate pricing and capital availability, elec- 
tricity could conceivably be used to displace considerable 
quantities of gas, oil and L.P.G. now consumed in space 


heating operations. 


3) 24 — Sem tel oOULeE Olt LOO 


Within the agricultural sector, opportunities for energy 
Savings without major capital expenditures are outlined 
below as a percentage of current energy consumption by 
process. These Savings will likely be realized as much 
by increased relative prices for the fuels concerned as 
by incentives (tax subsidy, etc.) to encourage conserva- 


tron: 


Motive Power 


Improved engine maintenance 5% 
More efficient engine operation 10% 
15% 

Grain Drying 

Greater open air drying 10% 

TObaccoscurl.uG 

Improved design, insulation and 
maintenance of kilns 153% 

Greenhouse Heating 

Improved designz insulation and 
maintenance of greenhouses 30% 


Brooding 


Improved design, insulation and 
Maintenance of brooding buildings 15% 


A program aimed at exploring other areas of farm opera- 
tion leading towards greater fuel efficiency and the 
publication of information available on energy conserva- 


tion would increase the rate at which the savings occur. 


If major research and capital expenditures are to be made, 
the introduction of improved grain dryers and burners for 
greenhouse heating are areas which presently offer the 
greatest possibility of success. Improved high tempera- 
ture dryers may result in 30 per cent savings on per unit 
Output fuel consumption. The Air Swirl Generator currently 
being developed by the Department of Energy, Mines and 
Resources could result in a 10 per cent reduction in fuel 
consumption for greenhouse operators. Further utilization 
of waste heat for greenhouse, kiln and brooder heating may 
also prove to be economically and environmentally sound 


CONce lcs. 


Of more Significance to overall energy conservation in 

the province is the substitution of plant and animal waste 
Or Suitably treated urban wastes for synthetic nitrogenous 
fertLlizers. “such a subst. tutzon, stiough requir ing enar 
greater expenditures by both private operators and govern- 
ment agencies, would induce a considerable reduction in 
the demand for natural gas as a feedstock and process fuel 
for ammonia production; ammonia being the major inter- 


mediate input into fertilizer production. 


No less important is the initiation of an effective land 

use policy at the regional level to preserve soils of higher 
productivity from the encroachment of non-agricultural 

uses. This would prevent the migration of farming to mar- 
ginal lands which would raise fuel and fertilizer inputs 

and would ensure proximity to major markets thus keeping 


transportation costs to a minimum. 


3. 24.5) Sa nausitrys Model 


Seven processes have been isolated in the agriculture 


industry: 


Motive power 

Grain, dnying 

Brooding 

Tobacco curing 

Greenhouse heating (natural gas) 


Greenhouse heating (fuel oil) 


Miscellaneous. 


Data for agricultural energy consumption is, at best, 
scarce. It is usually grouped with residential or com- 
mercial sectors or completely ignored. (In one publica- 
tion, Statistics Canada lists expenditures for telephone 
service and electricity together.) Two recent papers, 
based on 1974 data, provided the core of the energy 


consumption relationships in this study.! 


Motive power is expressed in terms of the total number of 
acres under field crops, fruit, vegetables and improved pas- 
turage. Total acreage was not forecast but rather is left 
as an exogenous variable to the model. Historical values 


are provided in Table 3.2a., , Therefore: 


(2.1) ... ACRES = exogenous variable. 


Grain drying is measured in terms of the number of bushels 
of all grain crops which require drying. Winfield 


assumed that corn makes up 90 per cent of the total and 


1 Winfield, R.G., Energy for Food Production in Ontario. 


Southwell, P.H., Energy in Perspective 


estimated that 85 per cent of the corn crop was dried. 

No explicit forecast equation is provided in this study. 
Projection of future grain output will be exogenous to 
the model and will be based on projections of yield, 
total acres and acres devoted to grain. Historical data 
are provided in Table 3.2a. Total production, therefore, 


aie 
(2.2) ... qo = exogenous variable. 


Brooding is measured in terms of the total number of hens, 
chickens, commercial broilers, turkeys, ducks and geese 


produced and computed in terms of provincial population. 


(2353)\eeres Sl ote— eG AGG chee pea ROL) 


Tobacco output is governed by the number of acres dedi- 
eatecde comic! production. ef mohAccosge. Thi same iy aes 
controlled by a marketing board structure which sets an 
annual quota for production and conducts a sealed bid 
system to allocate this quota among the farms. For the 
purposes of this model, the measure of tobacco output is 
considered to be exogenous and is expressed in pounds. 


Historical values are provided in Table 3.2a. 


(2.4) ... qy = exogenous variable. 


The total greenhouse area used for food and ornamental 
flower production is expressed in thousands of square 


feet and is computed in terms of provincial population. 


G22 30 aeeetees ate on OA Det se COL) 


The greenhouse process is subject to high substitutabil- 


ity between natural gas and fuel oil for heating. This 


substitution is simulated uSing a parameter to assign 
Production | los,one, fuel sOnethe: otner. 


PEAS) ES ee = 
( ) Gs Py Tg 


(Zine) te ett ome] es ke eyes dg! where p, is the proportion 
of total area assigned to 


natural gas heating. 


Data was not available for the area of greenhouse produc- 
tion heated by natural gas versus fuel oil. This was 
estimated in the Winfield study for 1974 to be 73 per cent 
natural gas, 27 per, centetuel ol je DeesupSst inital yer 
these fuels is reflected in the 1973 estimates of 18 per cent 


and 82 per cent for natural gas and fuel oil respectively. 


The miscellaneous process category represents all other 
energy consuming operations on the farm, lighting (ex- 
cluding residential), milking machines, electric fencing, 
etc. The process is measured in terms of constant dollar. 


farm cash receipts. 


PEMD BME sis? cater sel TS Ge Oo Tieaa Th RU ROIEAY o 


In summary, 


ACRES is total acres of improved land, 


q, is total output, in bushels, of grain crops 
requiring drying, 


q3 is total number of poultry birds produced, 
q, 1S tobacco quota, given, in pounds, 

gq _is area available for greenhouse production, 
Q7as farm cash receipts, in) 1961 dollars, 


POP is provincial population, in thousands. 


Agriculture is the only industry in this model which 
specifies consumption of gasoline and diesel oil for 
motive power. These were included because of the large 
quantities of fuel consumed in the process and under 
the assumption that they would not be included in the 


transportation sector model. 


For purposes of this study it is assumed that natural 
gas is the only fuel used in grain drying. In practice 
propane is also consumed as many farms and elevators do 
not have a natural gas supply. While greenhouse and 
tobacco curing operations.are able to substitute fuel oil 
for natural: gas and vice versa, according to the liter- 
ature no such ability was granted the grain drying 
Operation. Windfield estimates that half of the green- 
house area in Essex County was Switched from fuel oil to 
natural gas in one year. The fact that it could be 
Switched back to oil within one day, highlights the sub- 
Stitubability in thas process. 

Per unit energy consumption data were computed essentially 


from the Windfield study and are listed in Table 3.2b. 


4 ay) = 
LABUGm oe co 


AGRICULTURAL PRODUCTION 


Independent Exogenous 
Variable Dependent Variables Variable 
Green- Farmecash 
Year Population Birds house Receipts Tobacco 
FeOPs (q3) (Te) (q7) (qu) 

1964 Groot e0 e700 16,640 1 O0L47620 143,035 
1965 Bie Ore UO ope dred has} 18,647 ie, OC 04a) Ie 537 310 
1966 Ehppedeelen s, Me eetahelie 207225 i O29 oS 22077 36 
Lo Ge apelse a ee Oe 227,580 1, Ops ee ow 201,074 
1968 ao 570 oe Ee hyGy ets. Tr O70 396 204,256 
ISM ee. fo: 0 ey ay leve'S) Zio oo 1 0713736 230,340 
70 Pip Syed led! ® Sis praca: Ppa she 170987 303 B02 u0L 
Loy Tg diVer st Boy B26 25,452 10 Shoe 204,624 
O72 Topas peste) OT, 24°3 24,158 Lisle, 9ge0 171,044 
ie iy) Uperere’ 96,255 Hs Shiba bie 1, 04672152 236,240 


where! ids) 1S: in. “thousands of birdspmotatisticsmCanana, 23-702 


gy is in thousands of pounds, green weight, 
Stati's tucsaCanadaw22—205 


Ls in thousands of squarerteat, ocdteecanada22—2Ue 
J7\ tSe8in thousandsmote LO 6dmdod vars eo eat collodal 22 Ore 


POP is provincial population, in thousands, TEIGA. 


Year 


1964 
ie Gia 
1966 
1967 
Le Leas) 
£969 
£970 
Bote 
BOW 2 
97.3 


Source: 


1 Crop year begins Aug. 1, thus 1964 output is for 


August 1, LG oS (Statrstrcs cCailada czi~o1o) 


Total Acres 


1S, Oise 
UOF goo 7904 


11,042,096 
Pi, 070, 0138 
LOGHHS 827 
10,401,211 
LO 720 7 B46 
10,080,495 
10,014,468 
0720 7 89 


EXOGENOUS VARIABLES - ACREAGE ! 


Tobacco* 


£0_ 204 
89,220 


2) poo 
£307,371 
123,968 
12077230 
93,888 
82,626 
88,663 
106,314 
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TABLE 32a 


(acres) 


Field Crops 


Grain 
Corn 


650,000 
740,000 


786,000 
850,000 
930,000 
9657 000 
ig e000 
172637, 000 
1,200,000 
1,175,000 


(cont. a) 


Other 


672985953 
Sep / 55450 


7,036,874 
77 096% 029 
Seem OL 
6,624,370 
6,453,481 
6pz2l0¢ 7/2 
6,248,337 
6,386,509 


OrtarlolAgraculturalyStatistres: 


iseW or) Yate) whee” Uk 


2 Harvested acre crop year ending September 30. 


Fruit —& 
Vege- 


tables 


1895eo71 
LOlege24 


162,968 
1935, 128 
oo GO 
Lo Tega 
NG OG oe 
188,097 
237,468 
248,966 


Improved 
rasture 


3,100,000 
3,100,000 


257 985,69 3 
2,800,000 
2,690,000 
27080,000 
2,410,000 
26,066,000 
2,240,000 
2,204,000 
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EXOGENOUS VARIABLES - GRAIN OUTPUT 
(000 bushels) 


(Statisticss Canada 21-510) 


1 Crop year begins August 1, thus 1964 output is for 


Rugustel, 


1964 tos Julyeol, 


EO ODEs 


2 Rye, buckwheat, mixed grains. 


Grain Grain 
Meare Total Corn Wheat Qats Barley Other? 
1964 HENS, PANS) SAPS Ashlee) s 80,864 Once 45,336 
1965 DOU FO BOS 45 Pati Mioe.6 9,594 499993 
1966 ZO 2a aL 657,008 5s oz, S97 245 7236 427,538 
oO, 20.0973 UU 727250 15,844 SIA ae 137 196 47,446 
1968 214,028 They ale L520 BY ore 167320 So pook 
Vo69 2037089 VOpeis 4570 42,240 LS os 0 SLs 
1970 ZO BR ILS 955625 157854 38,994 194305 557304 
ils fal 22a OY OD 1027503 T4545 Boyles 20,844 507 168 
LOW 2 220702 Oi 2.00 163,307 307149 37398 537190 
des ies: 2097503 00, 013.0 LSet 2 257596 is 255 50ye 7G 
1974 PMO NL aie is 90,200 195 59,0 23,415 “15,470 45,449 
Source 7) BHandbookwoL Acqriciulturalmotetictuucs 
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TABLE S520 


PER UNIT ENERGY REQUIREMENTS 
AGRI CULTURE 


(Btu x 10°/unit) 


Produce On Energy Form 

Process Fuel Natural Elec- Gaso- Diesel 
(variable) Cine Ou Gas Coal Ui redscoy, oe rie Ou 
Motive 

power (q}) acres = = - eae ha ls, 
Grain 

drying (qd>) 000 bu = Pi a = - ms = 
Brooding (q3) 000 birds Ping ap: 7124 - Depts - - 
iKelel-Velele) 

GUGLN Ca Ca, 000 lbs Tees Bee os - - - 
Greenhouse 

heat (q.) 000 sq ft - iil - = r = 
Greenhouse ‘ 

heat (qd¢) OT 0K 0 fo ge oh oa a ~ = - - - 
MES Cue) U0Ons eae i = sie, - ~ 


Source :) Wintield © RiGa, ~ Bnergy Lore oodsProduction in Ontario. 


Acres' estimates. 


i Winfield estimates 350 acres of food production under glass 
and plastic in 1974. Variables qs and qg include ornamental 
flower production and assume the same per square foot heat 
requirement as food. 


3.3 - Automobile Manufacturing 
3.3.1 - Industry Overview - Energy Use 


The manufacture of motor vehicles in Ontario consumed a 
total oie| 2168 xe b0Le mh tio. energy in 1973. However, the 
requirements in relation to Btu per employee, Btu per 
dollar of goods shipped and Btu per dollar of value added 
were moderate. The rankings for these measures when com- 
pared to other industries covered in the study were nine- 
teenth, thirty-first, and twenty-sixth respectively.! The 
principal fuels supplying energy to the industry in 1973 
WeremcOddl.) (16.60% )),. Luciwoimie (25.97%), natural gas (34 762) 


dpaee eC tn ory (bo bs). 


32,2, — industry Overview —"Markets 


Automobilesand trucks manufactured in Ontario are marketed 
throughout North America. Overseas markets at this time 
are not important. In the period 1964 to 1973 the market 
for products from this industry expanded at a very rapid 
rate, the constant dollar value of goods shipped growing 
at an average of 10.4 per cent per year while wnit out- 
put expanded at 7.6 per cent per year. However, with the 
onset of higher fuel costs and reduced consumer spending 
in 1974-75, the number of motor vehicles produced in 
Ontario contracted to levels characteristic of the late 


1960's and the expansion of productive capacity ceased. 


1 A total of 34 industries were considered in the 
first, phase of this study. 


3.3.3 - Production Process 


The activities undertaken in the motor vehicle manufac- 
turing sector may be more aptly described as motor vehicle 
assembly. No fabrication of basic parts is undertaken 
Within the sector. Instead, the components required are 
produced by establishments outside of the sector, the 
parts being collected for final assembly at locations 


which are central to market areas. 


Within the sector itself, plant operations consist princi- 
pally of the sequential addition of modules. Some prepa- 
ration for assembly such as grinding, welding, fitting and 
most importantly painting, occurs at this stage. Basic 
components are delivered to tributary assembly lines where 
they are used to construct sub-assemblies such as completed 
motors, chassis and other units. The modular components 
are in turn brought to central conveyor lines where final 
assembly of the various model types takes place. When 
assembly is completed, the vehicles are tested and either 
added temporarily to inventory or shipped immediately to 


a dealership. 


323.4 — Energy econstimpinon 


Coal is used in this sector to raise steam for space heat- 
ing and minor process heat. Total consumption of coal has 
been decreasing as its function has been assumed by fuel 
oil and natural gas. The reasons for this change are 
common throughout the industry, oil and gas are easier to 
handle and require less elaborate pollution control equip- 
ment. In current operations fuel oil is used for the same 
processes as coal -> firing boilers, for steamvand minor 


process heat. 


PRODUCTIONS RROCESS 
AUTOMOBILE MANUFACTURE 


SPACE HEATING 
AND 
STEAM RAISING 


ASSEMBLY 


RAW 
AND AREA ER TTT  I 
MATERIALS AND 
MURGH ENING COMPONENTS 


PAINTING AND PAINT DRYING 


PUGH TEMPERS TURE LOW TEMPERATURE 


PDN > AEO 
PRODUCT 


Natural gas usage is split between space heating, high 
temperature paint drying and direct process heat such as 
soldering. Based on our survey, approximately 40 per cent 
of the natural gas is consumed in the paint drying process. 
In most plants propane is available as a standby for 
natural gas in case of interruptions in Service. Propane 
is used as most facilities currently using gas are not 
equipped to handle either fuel oil or electricity as energy 


SOUECES. 


Electrical power is used throughout assembly plants for a 
wide variety of purposes. Conveyors, hand tools, light- 
ing, welding units and precipitators for air cleaners all 
depend on electricity. Unfortunately, a detailed break- 
down of the distribution of total consumption over the 
various applications is not available. In the immediate 
future, electricity will remain the primary source of 
power on the shop floor while its use for paint applica- 


tion and baking will expand. 


At present, considerable opportunities exist for substitu- 
tion among natural gas, fuel oil and L.P.G. Further, some 
adaptability between electrical power and natural gas for 
paint drying and baking operations is evident. However, 
in the case of electrical usage there is little opportu- 
nity in the immediate or long-term to introduce alternate 
energy sources. Therefore, with the single exception of 
electricity, motor vehicle manufacturers should not expe- 
rience any unusual disruption of plant operations if short 


falls in the supply of a particular fuel arise. 


30300 f—sThe®Future Outlook 


Markets 


Notwithstanding the recent weakness in North American 
auto and truck markets, current opinion indicates con- 
tinued prosperity for the auto industry. All three 

major manufacturers anticipate a full recovery in vehicle 
sales and production by late 1976 and continuing growth 
LOM COs CL an Smite Lye tile tpepaSteperl OCS. Of mr gurd 
sustained expansion are to be repeated. Higher fuel 
costs, greater emphasis of mass transit commuting, and 

a leveling off in per capita car ownership will all con- 
tribute to holding the expansion of unit output into a 
Bange,or 5.5,per cent £o. 6.5 per cent over the coming 
decade. The value of goods shipped will increase at 
approximately the same rate as extensive redesigning will 


be necessary to meet regulatory and marketing needs. 


Conservation 


Within the industry appreciable efforts toward reduced 
energy consumption are already under way. These are 
directed largely toward more efficient space heating 
methods in plants and office buildings. Plant operations, 
with special emphasis on the upgrading of paint apparatus, 
are also being examined for possible energy savings. 
Overall savings of 15 per cent of present per unit energy 
requirements have been established by the Motor Vehicle 
Manufacturers Association as a target level achievable 
before 1985. Those savings will largely come from the 
areas mentioned above and the trend to lighter and smaller 


vehicle design. 


The possibilities of dramatic reduction in Ontario's 


energy consumption arising from this sector are small. 


Total consumption represents 1.5 per cent of total pro- 
vincial industrial consumption. In terms of the output 
and employment supported by the industry, energy use is 


very efficient. 


Technology 


Developments in paint chemistry, application and drying 
are at present the most relevant to energy consumption in 
this sector. Water base and powder paints as well as 
improvements in drying methods could result in savings 

in natural gas usage of LO tomes perecent by) Joo. He 
introduction of fast alr drying paintswcurrencly being 
developed could at some future date eliminate the use of 
fuels for this purpose. In both cases no increase in 
electricity consumption is expected. Electrostatic paint 
application is an additional technology in this area 
which would reduce natural gas consumption but at the 
expense of some increase in electricity consumption. 
Unfortunately, no additional information was available 


on this procedure. 


Paint drying processes will change for two reasons. 
Firstly, new painting methods, e.g. fast air drying paints 
could eliminate the need of drying and baking. The in- 
dustry feels these developments will occur in the long 
run. Secondly, the use of electric ovens instead of 
natural gas ovens in the paint shop would change the con- 
Sumption patterns of the industry. Increased use of 
plastic components for automobiles requires the industry 
to increase the use of low temperature drying ovens (espe- 
cially electric) and decrease the use of the high temper- 
ature natural gas ovens. In the future, the new paint 


technologies would increase this substitution. The 


requirement for clean heat in the drying/baking process 
allows a substitution only between electricity and natural 


gas. 


Since research and development in product design and 
production methods is very rapid in vehicle manufacture, 
Other techniques for energy savings are liable to occur 
but are very difficult to anticipate in advance. How- 
ever, as suggested above, developments within this sector 
are unlikely to have sudden or major influence on Ontario's 


energy budget. 


3.6006 sindustryeMode 


Energy consumption in the automobile manufacturing indus- 


try has been segregated into three processes: 


e Assembly and space heating, 
e Painting and paint drying, high temperature, 


@® Painting and paint drying, low temperature. 


There appears to be no Significant difference in energy 
usage as the vehicle size and weight changes. However, 
the recent emphasis on energy may, in all phases of the 
auto industry, make it possible to isolate this change, 


ingterns) of energy “an ithesfuture:. 


The total number of automobiles produced in Ontario was 
estimated from data provided by, and discussions with, 
the Canadian Motor Vehicle Manufacturers Association. 
Data by year by vehicle model was available for all 
Canada. Ontario output was estimated by the model types 


known to be produced in the province. 


The original regression equation of auto oucputecavoman 
excellent fit using the relationship of per capita dis- 
posable income in the two major market areas. However, 
long-term projection with this formula generated an 
obviously unrealistic elevel =o ttourpircecom OntarloOnmo 
million vehicles as compared to a North American produc- 
tion of 15 million. Long-term growth, therefore, has 
been tied to an Ontario market share that remains con- 
Stanteat dues perecen eoumcoua i 


(SE )e 2. “OAUTOS SA Oe AC AUTOR, 


The model accommodates both high temperature curing 
(using natural gas) and low temperature curing (using 
electricity). Advances in painting technology may re- 
quire three or more processes instead of only the two 
presented here. In general, the automobile bodies undergo 
the high temperature curing while the painted components, 
usually plastics, require lower temperatures. Currently 
approximately 140! pounds of components per vehicle 
require the low temperature. This figure is bound to 
increase (in fact, 1977 figure is expected to be in the 
order of 200 pounds) as; automobile manutacturersmstrive 


to reduce the total weight of the vehicles. 


An increase in the number of components subjected to low 
temperature will generally indicate a decrease in the 
number in the high temperature ovens. Energy consumption 
in the high temperature ovens is based on the number of 
vehicles produced in the industry times a factor to re- 
fFlect thé substitution. ‘The factor Us thesratiojo£ the 
"amount" of the vehicle exposed to the ovens in a given 


year to the "amount" currently using the high temperature 


1 Business Week, August 2, 1976. 


Ovens. The current value is therefore 1.0. It is esti- 
mated that approximately 2,500 pounds of steel is used in 
an average North American automobile.! If we use this 
number as a proxy for the amount of high temperature paint 
drying and if steel input is forecast to decrease to 2,000 
POUNUS OV LI Oo, thee LaCclOre or slog wouldepe) U.iG.') This 


the measure for high temperature paint drying is: 
C35 2Jeve te 7e es ORUTOUX Lactcore 


The measure of input to low temperature paint drying is 
based on the number of pounds of components per vehicle 


requiring the process, and expressed in tons: 
(3.3) Coe ee (LOAUTO*x pounds) 27 000 


The per unit energy requirements are provided in Table 3.3b. 


Industries consuming large amounts of electricity and heat 
in the form of steam such as the automotive industry might 
benefit from in-house generation. The particulars of such 
an installation are beyond the scope of this study as they 


would be specific to a given plant and plant location. 


IT hiae 
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TABGESo 22a 


VARIABLES IN OUTPUT FORECASTING EQUATION 


Year Dependent Variable Independent Variable 
i) (OAUTO) 1 (AUTOP) 2 
1964 53 I Oe 8,293,600 
IES Kes, 687,672 ZN SiS ease 
1966 690,354 OF 292,000 
ey Of 700 8,150,848 
1968 886,179 9,714,007 
1969 1,019, 600 9,260,490 
iOS) 7h0 919,469 7,488,310 
MSA FAG 1,074,370 9,679,645 
OTe yao 7 oe ohe eMawen, SITET) 
L738 Dp224 7 ll7 10,903,647 


1 Total number of passenger vehicles produced in Ontario. 
Source: Canadian Motor Vehicle Manufacturers Association. 


This figure does not include truck production and is 
being used as a surrogate for the total output of the 
industcy.. 


2 Total number of passenger vehicles produced in North 
America. 
Source: Canadian Motor Vehicle Manufacturers Association. 


On — 


TABLE 3.3b 


PER UNIT ENERGY REQUIREMENTS 
AUTOMOBILE MANUFACTURERS 


(Btu x 10° /unit) 


Productron Energy Form 
Process Fuel Natural Elec- 
(variable) Oil Gas Coal i Cia 


Assembly and 
Space heating 


aANnCebcl ites 2.64 2.24 Oe LeS7.6 
(OAUTO) 1 


Paint drying 
and baking: 


High temperature = bs S) - - 
(Gude 


Low temperature = ~ = e540 
(qo)3 


Source: Acres' Survey and estimates. 


1 Units are number of passenger vehicles. 
2 Units are number of passenger vehicles times a factor. 
3 Units are tons of components. 


3.4 - Cement 


3.4.1 - Industry Overview - Energy Use 


In 1973 Ontario cement manufacturers consumed over 

22.3 x 1012 Btu of energy. This represents some 2.7 per 
cent of total industrial energy consumption. The indus- 
try is one of the most energy-intensive in the province 
having the highest level of energy consumption per em- 
ployee. This simply reflects the capital-intensive low- 
labour force structure of cement manufacturing and is not 
a reflection of energy efficiency. Cement also shows the 
second highest consumption level per dollar of value added 
and dollar of shipments. Energy sources for the industry 
inv@973 were: coall (18%), tuel o1l (S2e3— natural gas 
(42%) and electricity (8%). 


Requirements for individual forms of fossil fuel cannot 
be viewed as absolute for a certain degree of interchange- 
ability is possible. The actual split between various 
fossil fuels used in a given year is a function of rela- 
tive prices and the ability of the manufacturer as the 
result of storage and burning equipment, to take advan- 
tage of favourable prices. Only for electricity is there 


no ready substitute. 


3.4.2 - Industry Overview - Markets 


Ontario's cement plants not only supply Ontario with 
cement but also Serve the Western New York State cement 
market. The annual production capacity of these plants 
Wesco bet tons CONS sa tao 1 Go 


The total market for Ontario cement is currently in the 
order of 4.6 million tons annually including about one 
Million tons of exports. The plants are therefore working 
Substantially below capacity and in the short run at least 
the export markets are quite important to the companies 


in helping to maintain efficient levels of production. 


The companies, however, do not gear their Canadian produc- 
tion to the export market and the current situation is 
considered as a temporary phenomenon brought on by excess 


capacity in the industry. 


SUPT! py gee Tol Product lon Process 


The cement manufacturing process consists of reacting 
various ground natural materials containing lime, silica 
and alumina at a high temperature to produce a sintered 
material called "clinker", which is finely ground to form 
the cement product. The method of blending and grinding 
the raw materials to be fed to a kiln determines if the 


fachplitye is a “wets Nor as ldcyeorocessEe 


The wet process grinds and blends the raw materials in a 
water slurry. While this process is more energy-intensive 
in later stages of production, it has advantages if the 
raw materials initially contain large amounts of moisture 
(in the order of 20 per cent). The alternative, the dry 
process, entails drying to remove water that may be in the 
materials as they come from the ground or from rainfall, 
grinding and blending the raw materials and feeding this 
dry meal to the kiln. Dry grinding requires slightly more 
energy than wet, but there are substantial energy savings 


in the kiln as excess water does not have to be evaporated. 


a oe 


PRODUGTLONA PROCESS 
CEMENT 
RAW MATERIALS 


DRY | WET 
GRINDING GRINDING 


DRY WET 
PROGESS BROGESS 


GRINDING 


FINISHED 
PRODUCT 


The most energy intensive process in cement manufacture 

is the’ “burning! yormst calcining Som thestawenaterualsein 

a rotary "kiln. The kiin®is#a, long se cylindrvcam Drive — 
lined furnace, mounted at a slight incline to the hori- 
zontal which rotates on its axis at approximately 1 to 2 
rpm. The raw meal from the grinding and blending opera- 
tion 1s introduced atuthestop.ot, the kin seihieesnrecess 
heat is produced by firing coal, gas or oil at the lower 
end of the kiln. This countercurrent flow of raw materials 
and hot gases raises the temperature of the meal and causes 


the chemical reactions that form the cementi/clinker. 


The final process involves grinding the clinker and adding 


gypsum to form portland cement. 


3.4.4 - Energy Consumption 


Electricity is indispensable with major uses being in the 
grinding of both raw materials and cement clinker. Fossil 
fuels are required primarily [or ki neer i noewolch.con— 


Ssumes about 96 per cent of a plant's fossil fuel use. 


Ontario cement plants use oil, coal, natural gas or a 
combination of these to fire their kilns. Selection of a 
given energy form depends primarily on price and avail- 
ability, with the added consideration that the appropriate 
fuel storage, handling and burning equipment must obviously 
be available at the given plant. Those plants that have 
multiple fuel capability can and do switch from one form 
of fossil fuel to another on a seasonal basis. Frequent 


change-overs from one fuel to another are undesirable in 


that they necessitate kiln shutdowns causing losses in 
production and kiln heat. Natural gas is the preferred 
fuel because of its relative ease of handling when com- 


pared with other fuels. 


In 1973 the distribution of total energy consumption 


throughout the cement production processes! was as follows: 


Raw grinding 4.6% 
Kilns 83.0% 
Finished grinding J aoe 
All other Sek 

100.03 


Total energy consumption per ton of cement in Ontario in 
that year Was 5.352 million Btu, of which 413,000 was 


electricity and the remainder was fossil fuels. 


There are Six areas where heat is utilized and lost in the 


kiln operation: 


theoretical reaction heat 


water evaporation 
exit gas heat 
dust carryout neat 


clinker retained heat 


radiation and convection. 


The use of chains, dust collectors and insulation have 
been installed in some plants to reduce these losses and 


recycle the energy. 


! Portland Cement Association. 


3.4.5 - The Future Outlook 


Markets 


The market for cement has a past record of relatively 
stable growth of about 3 to 3.5 per cent per year. Growth 
is closely tied to overall prosperity in the economy and 
particularly to investment in heavy construction projects 
Indeed, the industry spokesmen claim a long-term rela- 
tionship that can be used for forecasting purposes exists 
between output and population. For the model, output 
forecasts will be based on Canadian forecasts of construc-— 


tion investment. 


In the short run, exports are an important consideration 
as this market in the U.S. will be used to supplement the 
Ontario market under conditions of overcapacity in the 
industry. The following table shows the expected total 
Market throughs viol 


ONTARIO CEMENT MARKET 


Year Ontario Demand Export Total 
(Mil Ti OnSsoterons) 


iS) TAS 
wie FET 
Vie) is: 
STE 
1980 
1981 


Growth of market: 


Ontario - use 3 ~ 3.5 per cent. 


Export - after 1980 use 1.1 million tons/year 
includes: 0.3-mi Lionmstons son Curie, 


This overcapacity probably means that no addition to 
manufacturing capacity can be expected until at least 
the mid-1980s, unless the present market growth trends 
change drastically. The substantial excess capacity to 
Ontario's requirements that will exist for the next 
decade should tend to promote substantial competition 


both in the Ontario and export markets. 


PNGmetO ta Weaniual ecapacl cy OL dry Kilns in Ontario yi Sad. 
ieee seduce wWetrk li MosCapaolLly Ls 26g mid DLO cota 19/6). 
The average Canadian kiln capacity is approximately 700 

tons per day. While most capacity additions have been 

dry kilns, several wet kilns have been constructed to 

Suit the moisture characteristics of the raw materials 


Or to match financial constraints. 


Wherever possible, plants are built (or rebuilt) using 
the dry process, the rationale being energy economics. 
In the longer term, it is anticipated that wet capacity 
will be maintained at present levels and on balance 
additions to capacity will be dry process. This assumes 
some new wet capacity may be added but some current wet 


process capacity will be rebuilt with dry capacity. 


Conservation 


Only modest potential exists for the Ontario cement in- 
dustry to reduce energy use without major capital outlay. 
The Canadian Portland Cement Association, in its presen- 
tation to the Second Industrial Energy Conservation 
Conference, Ottawa, March 24, 1976, committed itself to 
a voluntary reduction in average national energy use per 


unit output of 9 per cent to 12. per cent by 1980, based 


on 1974 energy use. Obviously, certain conditions were 
specified when this industry announced its intentions. 
Of major Significance 1Ss@themractethac michwore the 
announced planned reduction in average energy use is 


predicated on the construction of new plant. 
For example, since 1973, the following has occurred: 


e A major new plant that came on stream in 
late 1973 experienced its first full year 


OL production ine boy de 


® In early 1975, a new dry kiln began to operate 


in Easter Ontario. 


e® An addition! to existing lac elecsmine souGi- 
western Ontario will reduce unit energy 
consumption at that plant starting in late 
OO 


By late 1976, the industry will have almost attained the 
reduced level of energy consumption that can be expected 
to prevail for the next decade. After 1976, additional 
potential for reducing energy consumption per unit of out- 


put is minimal without major capital expenditure. 


Recent American data! suggests that new wet kilns use 75 
per cent of the fossil energy input per unit output of 

the average wet kiln in use today. New dry kilns (i.e. 
those with suspension preheaters) use approximately 70 per 


cent of the fossil energy of the average wet kiln. Canadian 


Gordian Associates, The Potential for Energy 


Conservation in Nine selected Industries. 


Portland Cement Association, Energy Conservation in 
the Cement Industry. 


1 state that converting from an ineffi- 


industry sources 
cient wet to dry process with the introduction of a 
suspension preheater could reduce kiln fuel requirements 


ear Omi Ue pe tee tit 


As the industry expects substantial over-capacity for the 
next decade, neither this conversion nor new capacity is 


expected within that time period. 


In this capital and energy-intensive industry, producing 
large quantities of low-cost basic construction material, 
it is impossible to justify major plant conversions 
solely for the purpose of saving energy and energy costs. 
Such savings, even taking into account possible rises in 
the costs of fuel, cannot justify the capital outlays in 
that they «contribute, ibittlebto exeral bh productivity iin 
the manufacturing process except in energy usage. In 
other words, a very high fuel price or a very substantial 
incentive would be necessary to encourage energy effi- 
ciency in established and still useful plants. The cost 
of converting from wet to dry process is estimated at $50 
Pet oLOdUCcINGmLOnectmovuGULs os milion for a 400,000—ton 


per year plant. 


Technology 


Energy consumption in this industry is basically a func- 
tion of moisture content of the raw feed entering the 
kiln. The primary direction of conservation measures, 
other than strictly housekeeping, has been to capture and 
recycle the waste heat to be used to reduce the moisture 
content. The following Figure illustrates this relation- 


ship between moisture content and heat requirement. 


Portland Cement Association. 


Effect of moisture on heat 


requirements 

What? 
= Average Kilns 
Demo 
2 : Best Kilns 
* 
3 Optimal System 
eee 
2 : Theoretical 
oa 4.0 
oO) 
ie 
3 
fork | seas 8 
oO) 
% 
= 20 tis 
Q Se MBtu*/ton clinker 

1.0 theoretical 

0 10 “20 SO 40 50 


Moisture Content, per cenc 


* MBtu - millions of British Thermal Units 


Source: American Portland Cement Association 


The position of any kiln on the curves presented in the 
figure will depend upon the design of the kiln, residence 
timesor clinker in) the kiln, tise of (chains to increase 
heat transfer and reduce dust loss, temperature of output 
clinker and of output gases, use of preheaters for air 


and raw feed and dust recovery equipment. 


Some of the difficulties associated with the installation 
of the new energy-efficient kilns that are now available 
in Ontario within the next 10 years will be the lack of 

a market for new capacity, high cost of capital equipment 
and of money and finally, the existence of considerable 
newly-installed capacity which will not be depreciated for 
many years. Therefore, in the longer term future (after 
1986) it can be assumed that most capacity will be con- 
verted to the suspension preheater kilns process. All new 
dry capacity will be of this type as will replacement to 


Current Capacity. 


Svan - Lncduscry, ode 


The basic structure of the cement industry model evolves 
from the various process-fuel combinations associated with 


the industry. Nine processes have been isolated. 


Dry process (0il-fired) 

Dry process (gas-fired) 

Dry process (coal-fired) 

Wet process (o0il-fired) 

Wet process (gas-fired) 

Wet process (coal-fired) 

Dry grinding (including preliminary drying) 


Wet grinding 


Finished grinding 


Each of the six heating processes requires the major fuel 
listed in parentheses for process heat plus electricity 
for kiln rotation. The grinding operations require only 


electricity. 


The output meaSure for the industry is the volume of 
cement produced in a given year. The demand for cement 
reflects its primary use, construction, as measured by 
the value in constant dollars of construction investment 
in Canada (Table 3.4a). 

(a Bye e. Q, = 9247998 ~~ 24685 9(CCON) 


where, Q, is the volume of cement in tons, 


1 
CCON isthe: Value *oreconscr.uctlon 


investment in Canada in millions 
Of LO ietdo liar Ss . 


The production of this total cement demand must be 
assigned to the two major processes: wet and dry. Neither 
process requires the excluSive use of one particular fuel. 
Based upon three fossil fuels (coal, fuel oil and natural 
gas) and two basic processes (wet and dry), there are six 
possible methods by which cement is produced. All six 

are utilized in varying degrees in Ontario. Without the 
benefit of a detailed survey of all cement plants in the 
province, it was necessary to estimate production by pro- 
cess based on published capacity process, fuel capability 
and total energy consumption data. The following table 
lists this data and the estimates of production proportion 
by process for 1976. The fuel capability only reflects 
the ability of the plant to switch from one fuel to another, 
where there is a choice either fuel could be used exclu- 


Sively. 
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The fuel split is based on those proportions which were 


necessary to balance production and the per unit energy 


requirement to the total consumption of the industry. 


This balance was based on 1973 data as that was the most 


recent year for which all data was available. 


The table 


has been updated to reflect the 1976 industry profile. 


It was also necessary to assume that all plants were 


Operating at the same percentage of capacity. 


ONTARIO CEMENT INDUSTRY, 1976 


Fue 1 
Plant Capacity Process. Capability 
(000 tons) 
1 So wet gas/coal 
2 1,100 dry gas/oil 
3 875 ary gas/coal 
4 850 dry gas/coal 
5 750 wet Cn /coad 
6 O00 dry On 
7 700 wet gas/oil 
8 700 wet coal 
PRODUCTION PROPORTIONS, 1976 
Dry Wet 
(tons) 1! (3) (tons) 1 (3) 
Fuel oil 1,440 .21.9(pj) ie ee asa 
Natural gas 224213 “33.7 (p2) 256 14 Vo (pe) 
Coal Lele 2. Ops } S348" 12 sP( pe) 
Total 3,825 posse 2,745 41.8 


1 Tons of capacity, in thousands. 


Assumed 
syeks oe 


90/10 
60/40 
90/10 
90/10 
90/10 
100 
60/40 
100 


Total 


2 ee Oe 
3,169 48. 
1+,006%% dr. 
6,570 100. 


CLONS)Bets 


COM COREG a 


ae (39 


New plant can be accommodated in the model including the 
new process classifications (e.g. new wet) in the above 

table and computing the new production proportions table. 
There will also be corresponding entries in the per unit 


energy consumption table (Table 3.4b). For existing plant: 


(42) eee Awe Ps (Q,) 


= tons. by oil-fired dry process,,1976 jWwalue 
fehe gel oS 185 AAS 


(AS) Pees OS em (Q,) 


= tons by gas-fired dry process, 1976 value 
OTRO ame LS. 0s. y7 


(4.4) ..- q3 = Pg (Q,) 


= tons by coal—fired dry process, £970 value 
Ofte Dp sets U26 


(AS 5 ree 2 OTs eh (Q,) 


= tons by oil-fired wet process, 1976 value 
oma ieyiy wigs] (Ol uies, 


CA 6s) Stn G5 = Bs (Q,) 


= tons by gas-fired wet process, 1976 value 
Of ths e250. £46 


Rlsry) ene eye et, ON 


= tons by coal-fired wet process, 1976 value 
OLED re Lomure ot 


Therefore, total tons requiring dry grinding 1s: 
(te 8) et 2.0 7h Ce ate Co maa a 
and total® tons réquiring-wet grinding is-< 


LD ASE ae Ohi om CN ae Che 
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No allowance has been made for the production of clinker 
for export. This product would require less finished 

grinding and none of the mixing associated with the pro- 
duction of portland cement. This omission results in an 


Overestimate in total energy consumption of approximately 


One, Guartey OlLsoresveracent. 


Energy use per ton of output of the cement kilns varies 
duamaceecaliyerromemaniero Dlant. “The toblowing lists 


the fossil energy consumption for some typical systems:! 


igie Btu/ton 
of clinker 


Wete— cCOal- trcom (U.S...) 5,500 
- old plant average (world) 6,920 
- new plant average (world) 4,790 
— average (USS) 6,491 
~e With LLguitecirdittss (Us0%) 6,750 
- with dense chains (U.S.) Dae U0 
- best wet system (U.S.) 4,400 
Dryer O1 1 —firedm(U3S.4)) 47,032 
- new plant average (world) Pap io WRS 
- best dry system (U.S.) 3,400 
—“eWitn chains. (Uso .) 4,300 
- average (U.S.) 5,449 
- suspension preheater type (U.S.) 2,984 
- suspension preheater average 4,562 
(ise) 


1 Gordian Associates, The Potential for Energy 
Conservation in Nine Selected Industries. 


Portland Cement Association, Energy Conservation in 
the Cement Industry. 
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There are also variations in energy consumption based on 
the fuel used. The performance of a large number of plants 
using coal, oil and gas kilns leads to the following 
figures:! 


10° Btu/ton 
of cement 


Oit=< firing 6,810 
Coal—firing 6,380 
GaSs=r 7 rang ooo 


These figures include many small and old plants as well 


as wet and dry processes. 


For this study we have selected energy consumption figures 
of 6:0 x 10&Vand 879 <moeeeeu per ton of cement for the 
wet and dry processes respectively. These figures are 
lower than the above figures reflecting the more modern 
Ontario kilns. Lack of data preclude a statement on the 
conversion efficiency of the three fossil fuels and the 


three are assumed identical (Table 3.4b). 


LT bid: 


- 67 - 


TABLE 3.4a 


VARIABLES IN OUTPUT FORECASTING EQUATION 


Dependent Variable 


is total tons of cement produced in Ontario 


SOURCE: 


Loe cliemcotal evades Oreconseructions investment 


in Canada, 1n miliions of constant 1971 dollars. 


Source™. 


(OF) 


ie 


BO asin el A: 
3,145,873 
3,242,591 
2,894,483 
3,103,849 
Spier, OO 
oy Laer OL 
7p OO. 04 
372d 0 82.0 
A, 197,754 


HHdependentavariab.e 


(CCON) 


1g 823 
8,455 
8,942 
8,634 
9,062 
9,502 
9,433 
10,442 
TOR. 30 
2003 


Stcatriseics Canada, 26-2027 


Statistics Canada. 
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TABLE 3.4b 


PER UNIT ENERGY REQUIREMENTS 
CEMENT MANUFACTURING 


(Btu x 10°/unit)! 


Energy Form? 


Production Fuel /aiNatuca 1) Senn Tacoum 
Process (variable) Oat Gas Coal ab ea kale ek: 
Finished 
Crinoing (Q,) = - - ar ae: 
Davee eOCcess- 
Grinding (q7) - - - aL 
On tice Cemee( ) Bio = _ gt h 
Gas-fired (qd) - SHA - sak 
Coal-fired (q3) - - 3.9 a 
Webme Lb OCeS ss 
Grinding (qa) = = os es 
Oil-fired (q,) Gr0 = = 
GasoiL red wets) - 6.0 = 
Coal-fired (qdgé) ~ - 6.0 


1 Units are tons. 


Acres estimates based on general conclusions in 
Gordian Associates study, Portland Cement Association 
and Statistics Canada. 


Sisco) Ge MOL Ieiaeyeh ited 


3.5.1 - Industry Overview - Energy Use 


This industry is not among the leaders in total energy 
use in Ontario but it is an energy-intensive sector in 
terms of energy input per dollar of output. This re- 
flects the low value of the output and the basic nature 
of the process (baking raw materials with little actual 
processing). This industry also provides some insights 
into the considerations that affect fuel selection, fuel 
use and improvements in fuel efficiency in industry. 
During 1973, this industry used 5.1 x 10!* Btu, or 0.6 


per cent of the use by the total Ontario industrial sec- 


tor. The distribution by fuel type was, natural gas (80%), 


SG cms Gs) Se thio. OS rand eC leCer UCL ten 2. a2). 


3.5.2 - Industry Overview - Markets 


The Ontario brick market is estimated at between 250 and 
300 militon bricks per’ year. It fluctuates with» con=- 
struction activity. The great weight of bricks makes it 
uneconomic to transport them over great distances and 


therefore the market and production is locally based. 


Natural gas is the preferred fuel of this industry, pri- 
marily because of product appearance. Gas-cured bricks 
do not develop discolourations as is the case with oil- 
cured bricks. However, the use of fuel oil does not 
compromise product quality, only the colour. Marketing 
the "new" product is the major deterrent to the change 
and would be facilitated if the whole industry were to 


switcn to fuel ofp. 


3.5.3 - Production Process 


The most Significant outputeolethiseincustryels atic 
building brick. JDiowiliebe nes lLocuscmocumtnisenode 1 ms thie 
building brick, with which everyone is familiar, is 
formed of clay or similar substance and baked in a kiln. 
Though the composition, appearance, weight and texture 
of a brick comes in an infinite number of varieties, its 
manufacture essentially consists of mixing the proper 
ingredients and thereafter curing the bricks in a kiln. 


The operation can be compared to a commercial bakery. 


Three basic techniques used to form the bricks and prepare 
them for the kiln are dry press, stiff mud and soft mud. 
The latter two methods require that the excess moisture 

be driven off before the bricks are charged to the kiln. 
This drying step avoids cracking problems when they enter 
the kiln. Formerly the "green" bricks were dried in the 
open air for 5 to 12 days, but more recently drying 

kilns utilizing waste heat from the burning kilns, have 


reduced this to two days. 


Small, local producers, accounting for no more than 12 per 
cent off Ontario's: bricks productlonycapace tye cures Omsourn 
their bricks in batch-type ovens. The majority of the 
bricks, however, are produced on an assembly line basis 


tn) Continuous -ovens or seins 


3.5.4 — Energy, Consumption 


Though natural gas is the preferred fuel of this industry, 
cost of fuel is a most important consideration as this 
represents more than 25 per cent of the direct cost of 


manufacturing. Frequent change-overs from gas to oil are 
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impractical because Of /substantial productmiossewitn ol; 
immediately following switch-over. This is because of a 
severe discolouration problem when using oil at the start- 
up stage. If oil were used continually, the discoloura- 
tion is less pronounced and product quality is virtually 


the same as for gas cured bricks. 


SPOR. The vr uULruresOUuLLCOok 


Conservation 


The installation of new automated kilns could reduce 
present unit energy consumption by almost 30 per cent 
compared to the continous kiln now in operation. Here 
again the size of the capital investment required is the 


major deterrent. 


Without incentives it is reasonable to expect a 10 per 
cent decrease in unit energy use by 1980, and another 
possible 10 per cent by 1990. Only the replacement of 
existing capacity with modern kilns would markedly reduce 
energy use by this industry. Even though new capacity 
additions, expected no sooner than 1982, may be very 
efficient, the existence of old plants will keep average 


Energy Use up Over the wlonger stein, 


Markets 


As already noted, because bricks are heavy, markets tend 
to be localized. This is likely to remain true over the 
long-run and therefore only Ontario is considered in 
projections. Real competition for brick, of course, 
comes from other building materials such as cement, alu- 


minum and steel, and over the longer run it is difficult 


to say what major changes will occur in this situation. 
Basically, our outlook gears brick demand to local 
economic indicators and to past trends which indicate 
slow growth, being only 2.77 per cent per annum over the 
13 64=1973 perz10d. 


34576=—-s industry Model 


This industry is characterized by the production of con- 
struction bricks @eiworoperationseared involved; sdrying? (in 
pLrepabationetor thie Kkiin) sand Kkainetiring (e1cher contin- 
uous kilns or batch kilns). Three processes are identi- 
fied: 


@ Drying, 
e Continuous kiln firing, 


Sebatciectingri ring. 


Datayin. theveclay,productse industry, ts.concentrated in the 
ProduccioneoLeclay= DL UckSrauisolcki production’ datavin 
UitariOulssaval lable vin aggregate Only, 1.6. no Indica 
tion is given of the production process. To this end the 
Canadian production proportions by process were applied 
to the provincial totals to obtainidatal by processiy. Over 
the past ten years (1964-1973) the average proportion of 
thestotal production, ofebricks: insthe Country accounted 
for by the dry press process is approximately 14 per cent. 
Eighty-six per cent of the total was produced by the 
stiff mud process. The soft mud process has been ignored 
because it represents only a small proportion of the total 
production. Thus, 86 per cent of the total require dry- 


ing before they are fed to the kiln. 


Current estimates of production by batch kilns repre- 

sents some 12 per cent af the total production. MThese 
kilns are largely used in small operations where large 
volumes are not required. Continuous kilns produce the 
largest volume of bricks in the province, some 88 per 

cent. One cannot expect the batch kiln to be phased out, 
despite its higher energy consumption because it is more 


energy-efficient for small special product runs. 


These data allow us to estimate the throughput of the 


three production processes in the model. 


Total brick production has been related to provincial 
value of construction investment, the forecast equation 


is: 


(let jaleevere Q, = 1657485 +5057 GCony 


where, Q, is total provincial production of 
+m ; : 
bricks™incicusanas, 


OCON is value of construction investment 
in: Ontariosin mnt Pit onsrpofeconstant 
1971 vag wars: 


Assumed production by stiff mud forming process is: 


(5/2) SRewron eas (Om) 


thousands of bricks, current value of p; 
is 0.86 


Assumed production by continuous kilns is: 


Ose F) cee Go a P2 (Q,) 
= thousands of bricks, current value of pp» 
is 


Assumed production by batch-type kilns is: 


(594) 2 gaat [a ee 


thousands of bricks 


If new and more efficient kilns are to be included in 

the model, a fourth measure, qu, would be generated to 
account for the production of this kiin type. The para- 
meters which currently generate qy and q3 would also be 
adjusted. An additional row would be required in the per 


unit energy matrix (Table 3.5b). 


The per unit energy consumption figures were derived 
from the literature and confirmed in the industry survey. 
Based on the total energy consumption data and the fact 
that continuous kilns are twice as efficient as batch 
kilns, we were able to derive the fact that continuous 


1 There 


kilns average 15.0 x 10® Btu per 1,000 bricks. 
was no information available on production split by fuel 
type, although it is evident that the majority of the 
kilns use natural gas. However, the data makes an allow- 
ance for fuel oil and coal based on its apparent consump- 


pesheongys 


A small amount of electricity for motive power in the 
drying kilns and continuous kilns is included in the 


model. 


1 The Conference Board, Energy Consumption 
in Manufacturing. 
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TABLE S-0a 


VARIABLES IN OUTPUT FORECASTING EQUATION 


where, OFF, 


OCON 


Dependent Variable Independent Variable 

(Q,) (OCON) 
UGA SEES: Phe ele 
ENTE Sor sata tak hia s 
SAL Php wakes 27 30 
SAIS pawns, 2,804 
cM, yer 3,064 
Sieve yey Shad 
SOAs ae Sree 
2u Ory 2 Cheetah, 
Syd PRE Sil 2S 
she Shy, 180s Shy 7) eye 


is .total production Of brvcksmiimetiousanas) 
for Ontario by stiff mud and dry press’ process, 


is total value of construction investment in 
Ontario: in thousands of fconstaneeloriedollars. 


Year 


(t) 


1964 
LOS 
1966 
jee hs) 1) 
1968 
ee She 
OHO 
SMe al 
We) yf 
Loe 


ie — 
TABLE 3.54 


Calelec aa ee 


ESTIMATES OF LOUIE. Wi oLAY VeRODUCTS 


et (Opry oo 
PLO poe 
SA EPG ALIENS 
S)o isis sas, 
SLi po 27 
is = ayaa bea 
301,474 
278,264 
357260 
353,108 


Strts 
Mud! 


Dry 


Press 


(thousands of 


(q1) 


a poe 
Z2O pu Od 
274,830 
282,534 
270,680 
apes ipe ke ls) 
PAD Piaget 
2297846 
2107030 
270,480 


Giteipgejsyie 
48,504 
42,281 
fe apis he Be 
46,647 
po edhe ie, 
Le paw 
48,418 
o58 eo 
82,628 


Batch 
Kilns 


bELcrESs) 


(q3) 
32,447 
83,00 
37 UO 3 
30 223 
Sua NS, 
45,025 
Srey 
S16 oe 
Sao ideal 
AD aie oF 


1 Based on Canadian averages by forming process. 


2 Based on 12 per cent of total production. 


3 Based on 88 per cent of total production. 


Continuous 
Kilns 


(qo) 


237,946 
243,382 
Pi oe ap Nee: 
286,306 
2 y oU 
ae pn 2 
2 y 2 ao 
244,872 
742 ANAL 
ars 


a Ae 
TABLES oa 


PER UNIT ENERGY REQUIREMENTS 
RGF WGA DIE ANS 


(Btu x 10°/unit)! 


Energy Form? 


Production Fuel Natural 
Process (variable) Ot Gas 
Drying Kine Gas = = 
Continuous 

Kea (q5) 9 Da pees! 
Batch-type 

feat ig) (q3) Aces Zoe 


1 
Unit is thousand bricks. 


Acres' estimates based on relative kiln efficiencies 


and Statistics Canada consumption data. 


revs 


Elec- 
GIGLCiBLY 


~45 


~45 


3.6 - Food and Beverages 


3/6. — Industry Overview -— Energy Use 


The food and beverage industry, ranking second in employ- 
ment and dollar value of shipments, is a composite sector 
of heterogeneous enterprises. Totai energy consumption 
ie gawas 0 sel O oe B tupac oile(27. 3%), natural 
gas (51.4%) and electricity (11.6%) were the principal 
fuels pelos atotaberepresents 4.6 per cent ofstotal in- 


dustrial energy consumption in Ontario. 


However, notwithstanding the considerable totals for fuels 
purchased, the food and beverage industry is not an energy- 
intensive sector. It ranks 16th in Btu per employee, 18th 
in Btu consumed per dollar of shipments, and 17th in Btu 
per dollar of value added. Its significance for energy 
consumption in Ontario lies in its absolute size of opera- 
tion and output which results in a large demand for energy 


even though per unit energy requirements are quite low. 


3.6.2 - Industry Overview - Markets 


Until recently food processing was characterized by 
numerous small operations geared to serving local markets. 
Possible exceptions were the breweries and distilleries 
which have traditionally been quite large, covering ex- 
tensive market areas. More recently, with the growing 
concentration of markets in large cities and improved 
methods of preservation and packaging, the scale of pro- 
duction has increased and the number of operators has 
diminished. As a result, individual enterprises have 
been able to expand at a rate considerably above the 


Overall growth of output of 2.5 per cent per annum from 


1964 to 1973 by absorbing competitors market shares and 


by diversifying productumiaines: 


3.6.3 -. Production Process 


The preparation of foods and beverages falls into three 
major Stages: materials preparation; cooking and pro- 
cessing; final dressing, packaging and distribution. Of 
these, the first and last stages consist largely of 
handling, mixing, storage and other mechanical operations. 
This requires the utilization of electrical power supple- 
mented with natural gas and L.P.G. for drying, liquiftying 


Or Singeing materials, prior to cooking and processing. 


Cooking and processing consists basically of heating, 
mixing. and retrigeration Of tocds..) iiethtsmopeza. on 
the largest fraction of fuel oil, natural gas and coal 
are consumed. The fuels are required to fire boilers in 
order to raise steam which is then used to cook the 
various preparations. In those cases where fuels are 
used directly, as in bakery ovens or breweries and dis- 
tilleries, natural gas rather than fuel oil is used. 
Space heating requirements are also supplied by use of 
steam generated in boilers as outlined above, while re- 


frigeration units and lighting are powered by electricity. 


Gasoline, supplying 9.0 per cent of total energy used 

in the sector, is used extensively for the collection 
and distribution of raw materials and finished goods. 
Since, this is not a part of the production process. and 
more properly a part of energy consumption for transpor- 
tation, the use of gasoline is excluded from the model 


as presented. 


3.6.4 - Energy Consumption 


Energy sutiiization for a typical Slaughtering operation 
is presented below. Similar operations account for 
approximately 13 per cent of all fuel purchased in this 
sector. Dairy operations have a similar pattern of fuel 
utilization, with steam being used for pasteurization 

and sterilization as well as space heating. However, 
beverages and bakeries require greater use cf fuels 
directly, while using less for steam generation. Light- 
ing, refrigeration and space heating retain approximately 


the same relationship to total consumption in all groups. 


Energy utilization in slaughtering and meat processing 
One ap Siinoas iS, mic Outlined below: 


| Sgt G oe Boiler Waste 20% | 
Refrigeration 10.83% Auxillary Power 153 | 
Direct Fuel Use al JES ei ieee == am 
Space Heating 10% | 
Steam Raising 83.6% Slaughtering 152 | 
Cooking 15% 
a Edible Oils 153 
Rendering 8% 


Source: Canada Packers Coo. 


TOLOntO 


Overall, the food and beverage industry is characterized 
by a high degree of substitutability among fuels. Fuel 
oil and natural gas are completely interchangeable on 


very short notice for the purposes of boiler operation. 


L.P.G., when available, at comparable prices, is also 
easily substituted for natural gas used in ovens and 
distillery operations. Only in the case of electrical 
power are food processes committed to a single energy 
source. The sector would therefore be largely unaffected 
by scarcities of particular fuels, being capable of 


circumventing supply problems through substitution. 


While consumption of gasoline, coal and fuel oil have 
tended to decline since 1964, the use of electricity, 
L.P.G. and natural gas has inéreasedis by. 1985 it as 
anticipated that electrical power will have become far 
more important to overall fuel usage, accounting for 15 
to 20 per cent of total fuel requirements at that time. 
This will be the result’ of both the widervapoleaqtion orf 
electricity to operations either not yet mechanized or now 
uSing other fuels and an increase in the use of refrig- 
ation at lower temperatures. Natural gas will also 
displace fuel oil and coal to some extent, supplying 60 
to 65 per centvsof total energy jusages by 1965. s1his 
eventuality, however, assumes continuing availability 
and pricing that equates cost for quantities of fuel oil 
and gas supplying equivalent energy values. The switch 
to natural gas will be largely motivated by increasing 


stringency of environmental regulations. 


Smo), 5) Nes riLbure, Outlook 


Markets 


The market growth in this sector is expected to be steady 
and tied to overall growth of population and per capita 
income within Ontario. In general, national and interna- 
tional markets are considered to be outside the range of 
Ontario's food and beverage manufacturers making output 
and fuel consumption dependant on changes in provincial 
markets. It is anticipated that real dollar value of 
output will expand at 2.5 to 3.0 per cent per annum, 
Slightly higher than at present due to the continued 
shift towards pre-cooked and processed foods arising 
largely from increasing affluence, changing age structure 


and marital status of Ontario's residents. 


Conservation 


The low Btu requirements per unit of output and small 
percentage of total value of goods shipped represented 
by fuel and electrical costs has resulted in energy con- 
servation being given a low priority in the food and 
beverage sector. Major producers anticipate a reduction 
of approximately 10 per cent on per unit energy require- 
ments by 1985. This saving would arise primarily from 
better plant operation and housekeeping. There is little 
incentive to undertake investment directed toward reducing 
fuel consumption since improvements in other areas such 
as labour productivity and efficient use of raw materials 
provide greater opportunities for cost reduction and 
improved profitability. The proportion of energy costs 
to value of shipments is outlined in the accompanying 
table. 
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The trend toward large plant sizes may provide some 
opportunity for energy conservation, though centralizing 
production will also tend to increase transportation of 
raw materials and finished goods, reducing the net energy 
Savings achieved. Further, increased mechanization and 
wider usage of refrigeration in new plants will also tend 
to hold energy demand at present levels though causing a 


shift in fuels used. 


im Gone@LlusiOn, there ase ttriewlikelinood cf significant 
changes in energy use in the food and beverage sector. 
Demand for natural gas and electricity are likely to 
increase, with the overall Btu consumption continuing to 
rise with the value of output at 2.5 to 3.0 per cent 
Wine 7 oS 


Technology 


Food and beverage manufacture over the last decade has 
developed a high degree of technical sophistication. 
Moreover, continued rapid innovation is felt to be cen- 
tral to the sector's goals of product diversification, 
improved utilization of raw materials and by-products 
and increased labour productivity. At present, however, 
the consideration of the efficient use of fuels is not 
an integral part of development strategies. This arises, 
aS mentioned above, from the cost structure of the 
industry which limits incentives to reduce energy con- 
sumption and to develop energy-efficient techniques. 

As a result, significant reduction in energy requirements 
arising from research and development in this sector are 


not anticipated. 


Agencies interested in encouraging a program of energy 
conservation through technical development should look 
toward the transfer of efficient technology developed 
elsewhere to the food and beverage sector. Special 
emphasis should be given to those innovations such as 
improved boiler design and building insulation which 
will provide some savings in fuel use while requiring 
expenditures very little above normal replacement and 


maintenance. 


Sead Ole eLIt Ost Wve MOG 


The vast list of products associated with this industry 
does not lend itself to a process by process model. On 
the contrary, an extremely general approach is warranted. 
The output measure of the food and beverage industry 
used for this model is the value of shipments of goods 
of own manufacture expressed in millions of constant 
1971 “dollars s*The ‘valties weresdetlatedmby, thasprice 
index applicable to the output of the industry converted 


to a 1971 base. (Statistics Canada 62-002). 


The output has been related to population, expressed in 
thousands. *Total OunpuEEIS: 


Ce eee Q, ae 4 oe eee ed) 


The per unit energy figures were derived from the gross 
energy input data over the past 10 years and the value 
of shipments of goods of own manufacture. There is 
opportunity for substitution among fuels in the industry 
as much of the energy is used to generate steam. How- 
ever, there was insufficient data to allow the model to 


portray this esubstitution. 


a sae 
TABLE 3.6a 


VARIABLES UNeOULE UL EORECASTING BOUATION 


Real Dependent Variable Independent Variable 
(c) (Q,) (POP) 
1964 3,042 676.360 
1965 3 20n: 6,788.0 
1966 gee 4 a eM eH OP ARS) 
1967 3,420 iil pe 
eo 6d oy 3), 4:50 TEP PASAY 
1969 3,480 ape 
LOD 3,564 ie ee 
BUSTA ao. Hrs ae 
72 Sigs ste, (eS rye) 
be Sy AE Site I) fap PO Gee 


where, Q, is the output measure of the foods and 
beverage industry, it is expressed in 
mellrons*Or PO7ledollars? 


POP 1s, the population _of Ontario,-in thousands: 
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FABLE 3.6b 


PER UNIT ENERGY REQUIREMENTS 
FOOD AND BEVERAGES 


(Btu x 106/unit)! 


Energy Form? 


Production Fuel Natural Elec 
Process (variable) Oil Gas mecoay trlciey 
Total shipments (O,) Pho h SINS ype 24 os 


Units: are mellvons (Of constan tele ioe flats 


2 Acres' estimates based on total energy consumption 
and constant dollar value of goods of own manufacture. 


3.7 - Glass 


Biel AL e— Industry Overview - Energy Use 


In 1973;" Ontario glass manufacturers used) 12.29301024 Btu 
of energy... That consumption represents 1.5 per cent of 
total Ontario industrial energy consumption. High oper- 
ating temperatures and substantial automation dictate 

that this industry operate at a relatively high level of 
energy consumption per employee and high levels per dollar 
of value added and shipments. Quality control and mainte- 
nance considerations have made this industry heavily 
dependent on natural gas. Of the total fuel consumption, 
natural gas accounted for 90 per cent, electricity 9 per 


cent. 


3.7.2 - Industry Overview - Markets 


Growth of the flat glass industry is closely related to 
new construction and automobile output. The container 
portion of the industry is affected by the demand for 
processed foods (cooked, pickled) in bottles such as baby 
foods, jams, pickles and beverages such as soft drinks, 
beer, wine and liquor. Public attitudes to the recycling 
of glass, both as refillable bottles or as returned broken 
glass, will affect overall demand for glass containers. 
Outright legislative action such as that drafted in 
Ontario to ban or reduce the use of throw-away bottles 


and cans will also affect demand. 


The regional coverage for glass manufacturers is essen- 
tially. restricted to.the Ontario,area<.. Glass,.in, flat 
forms, is difficult to ship without damage and containers 
are not only prone to breakage, they are also bulky and 
expensive to ship; hence the predominantly local market 


Omg Lass proces. 


3.7.3 - Production Process 


The first stage in any form of glass manufacture-1s the 
melting of sand, the chief raw material, and such items 

as sodium carbonate, limestone and other ingredients, 
depending on the characteristics ofpglass required. in 
the early days of glassmaking, clay pots, heated in ovens 
stoked with wood or coal, were used for melting. Similar 
pots made of fire clay and holding between one-half and 
one and one-half tons of glass are still occasionally 
employed. However, such batch-type operations now account 


for no more than 1 to 2 per cent of total glass production. 


For the mass production of such items as sheet glass and 
containers, the modern practice is to use tank furnaces 
holding, for sheet glasssup to e2,000) tons andmtomecon— 
tainers up to 450 tons of glass at a time. In tank fur- 
naces the raw materials are fed ccntinuously into an 
Opening (called the doghouse) in one end of the tank, 
while the molten glass is drawn off at the other end. A 
typical charge for a modern glass furnace making a soda- 
lime glass consists of up to one-half broken glass frag- 
ments, called cullet, with the remainder being a mixture 


of raw materials of varying composition. 


The molten glass is then formed into the desired product. 
After forming the glass is subjected to an annealing 
treatment to relieve strains which are set up within the 
glass as it cools. Annealing, in general, consists of 
reheating to a temperature high enough so that the strains 
are eased by flow within the glass, and then cooling slowly, 
so that very little new strain is set up. The annealing 


oven is called a lehr. 
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3.7.4 - Energy Consumption 


Energy use within a glass plant at the present time 
averages about 13.5 x 10° Btu per ton of packed glass. ! 
Approximately 55 per cent of this is consumed in the 


melting furnace. 


Energy consumption in a modern continuous melting gas 
furnace is in the order of 7 to 9 x 10° Btu per packed 


ton. } 


While natural gas is the preferred fuel in the industry, 
its dominance does not preclude the use of other energy 
sources. Fuel oil can be used; in fact some furnaces 
are equipped with natural gas and fuel oil burners. How- 
ever, the oil-fired furnace must be relined at twice the 
frequency of a gas furnace. Relining a furnace entails 
an expenditure of approximately $1 million. In addition, 
frequent furnace relining is wasteful of the energy used 


to produce the fire brick used in the furnace. 


The disadvantage of oil-firing does not end with reduced 
furnace life. Present furnaces are designed to operate 
at maximum output only with gas. Operation with oil as 
standby fuel would reduce output by approximately 20 per 
cent. In the long term, furnaces would have to be re- 
designed for oil-firing. Environmental problems with oil 
could further reduce output. Since the fuel requirement 
of a glass furnace per ton of output increases noticeably 


at lower capacity operation, the fossil fuel consumption 


i Acres! survey. 


A ton of packed glass implies that the product is 
ready for shipment, thus energy consumed in the 
production of glass that has been broken in the 
production process is included. 


per ton of output would rise significantly with the use 


‘ave Vowllew 


Furthermore, glass quality requirements have improved 
so much since the general conversion to natural gas some 
Ie Ube evil Sec Ore Ciel tC mlns NiiGag emi, bee) eee’ tit Ved Cy, 


are now the only acceptable alternatives for natural gas. 


Electric furnaces offer an alternative to natural gas 
furnaces but apparently only if gas were no longer in 
Supply. There are several drawbacks to electric furnaces. 
Presently there are no electric furnaces on the market 
that can match the size and output of a natural gas melt- 
1G LuGuace «ee. 200 cons cuinlaGer LS tnewlLargest. electric 
furnaces are more efficient as they require only 900 kwh 
Dea pOnmol seacke dc bass 20S sl ex pale Btu) but they command 
a Significant 30 per cent premium in price and their life 
expectancy between major overhauls is less than one-third 


that of a gas furnace. 


The conclusion to be drawn from the above is that the 

glass industry can be viewed as virtually gas-dependent. 
While there are substitute fuels, they are inferior and 
can only be used with major productivity, environmental 


and quality sacrifices. 


3ere> —"The Future Outitook 
Markets 


The glass industry in the past, particularly the container 
part of the industry, has not been one of dynamic growth. 
Flat glass has probably fared better as a result of the 


construction boom of the past decade and the greater use 


= 59 


of glass in both commercial and residential buildings. 
The market for flat glass will be tied to construction 
activity in Ontario with some pressure on glass usage 

as insulation and heat transfer standards in all types 
On buildings improve: Pressure will not likely appear 
on flat glass usage because of its energy intensity in 
production since most of its substitutes such as brick, 
cement and steel are also energy-intensive. The second 
market area for flat glass products is in the automobile 


industry. 


Demand for containers has been growing slowly in the 
past at 2 to 3 per cent per year. This market is highly 
vulnerable to environmental regulations concerning throw- 
away bottles and, to some degree, to public attitudes 
favourable to conserving and recycling glass containers. 
Demand is also highly price-sensitive at the consumer 
level. The raising of deposits on beer bottles in 
Ontario from 2¢ to 5¢ per bottle reduced demand for new 
bottles by 50 per cent. Similarly, in Alberta large 
volumes of all types of beverage bottles and cans are 
being returned as a result of substantial deposits (5¢ 
on bottles, 2¢ on cans) being paid on what are now non- 
returnable bottles. Because of these pressures, market 
growth over the long-run is expected to be quite low and 


likely related closely to overall population growth. 


Conservation 


There is no doubt that energy use per ton of product can 
be reduced in this industry. “The melvingsrurnace=pre— 
sents the largest potential for decreasing unit energy 
eonsumptions Fine problem= tia peri ro stnausrLy staces= as 


that the capital cost of attaining a substantially lower 


levelvor eneroyvaugi lization isso high that lteusenct 


feasible under present circumstances. 


It is estimated that the most energy-efficient melting 
furnace with heat recovery systems can melt glass using 
approximately 5 to 6 x 106 Btu per packed ton. The high 
temperatures in glass making processes, together with 
the continuity of the melting process, create oppor- 
tunities for recovering waste heat. Given specific 
incentives this industry could generate part, and in 


specific instances, all of its electrical requirements. 


At the second Industrial Energy Conservation Conference 
it was indicated that the industry would attempt to 
reduce unit energy consumption by 9 per cent by the year 
1980, based on 1972 use. A reasonable estimate for the 
following ten years is another 10 per cent reduction in 
unit energy consumption. These are mainly housekeeping 


and operational savings. 


Recycling of glass presents an opportunity for reducing 
energy use in the melting stage. If the charge to the 
melting furnace consists, of 50 per cent recycled glass, 
the melting energy requirements are 10 per cent lower 
than with new raw materials. These energy savings, 
however, are counterbalanced by glass sorting and 
collection costs and the danger that a whole tank of 
glass can be ruined by the inadvertent addition of 


contaminants. 


- Technology 


No major breakthroughs in technology are expected in this 
industry. Although no specitic! dataware available; 1t is 
Suspected that the only technological change in the in- 
dustry will be in the form of electric booster heaters 

in the gas furnaces and the recovery of hot exit gases 

to preheat either the glass feed or the incoming combus- 
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Two production streams have been postulated for purposes 
of the model, one for flat glass, the second for glass 


containers. Each stream consists of three processes: 


@® Melting of raw materials, 
®@® Forming, 


@ Annealing. 


The most readily available data in the glass industry was 
the total production of glass (including sheet, pressed, 
and blown) in dollars for Canada and the provinces. Only 
very general estimates were found for production of flat 
glass versus glass containers and that was at the national 
level. These estimates indicate that approximately 45 


per cent of ‘the, total ivaluesoteproducticonmeicelatlec lass. 


The model originally designed for this industry antici- 
pated an accurate measurement of the two production lines 
in tons. This has been modified to accommodate the 
available data. The value of shipments in the industry 


deflated by the price index applicable to the industry 


has been used as a proxy for the output tonnage. Forty- 
five per cent of this figure is assumed to be associated 
with the production of flat glass. Demand for new glass 


containers: is. therefore: 
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where, Qc is expressed in thousands of constant 
LO i4,dollars., 


POP iS provincial population in thousands. 
Demand for flat glass: 


(ie eet oo gaa) OA Om OCON) get 20 Unidas AULO) 


where, Qf is expressed in thousands of constant 
Lo 7a dO Llbars:, 


OCON is value of Ontario construction 
investment in millions of 1971 
constant dollars 


OAUTO is number of vehicles produced in 
Ontario. 


The total production .of glass containers is affected pri- 
marily by the refillable bottle. Obviously the greater 
the proportion of the demand for bottles that is satisfied 
by refillables, the lower the demand at the bottle manu- 
facturing plant. Three parameters have been included in 


the model to Simulate changes in this demand. 


The demand expressed in equation 7.1 is the total pro- 
vincial demand for new glass containers and implies that 
a certain number of recycled containers are already in 
the system. Unfortunately, this number is unknown. The 
total demand for all glass containers would be repre- 
sented by a figure larger than that generated by this 
equation, the difference being the recycled containers 
already in the system. As the proportion of total demand 
for glass containers satisfied by refillables increases, 


relatively fewer new containers are required. The first 


parameter (pj) is this proportion. As was mentioned 
above, the current value of the parameter is unknown, 
thus it is necessary to define pi as the incremental 
value of the proportion. Its current value, therefore, 
would be zero. Its theoretical maximum value would be 
less than one as it will always be necessary to produce 
replacements for broken refillable bottles and expansion 
of the refillable market (which at this maximum value 
Lon py would sbe erie mtocaleiarke ta eee LNcmvd Uno omy, 
were set at one, it would mean that the demand for glass. 
containers was fully satisfied by the containers already 


in the system and no new containers would be required. 
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The demand for new glass containers projected by equa- 
tion 7.3 has three components: 


1. Production to service the refillable market, 
replacing broken containers and market expansion; 


2. Production of containers which are not now 
- refillable but could be*®converted’ to the refill= 
able market in the future (e.g. liquor bottles); 


3. Production COteal Othberecontamneus. 


Parameters two and three quantify the proportion of the 
market for new glass containers represented by the first 


two components. The third component is the remainder. 


TEES eee ah EY NS by an) 
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Changes in the values of py» and p3 will obviously change 
the, value, of pj in subsequent years... This relationship 


could not be formalized due to lack of data. 


Current estimates of the values. of p5.and p; are based on 
American data published by the Conference Board.! The 
product mix for the glass containers industry in 1971 


lists end uses as: 


Ss OL *lotealvadoLlar 


Product value of shipment 
Food containers 35 
Medicinal, toiletries, cosmetics cS 
Household and industrial 2 
Beverages (including beer) 33 
Liquor and wine Ls 
Secondary products 2 


These data do no more than to set maximum values for the 
£wo" parameters acwU. 39 LOrLD © andr O02) forms p= De Nosands — 
cation was found for the current stock of refillable 
DOLtles. 


The energy requirement for the manufacture of the molten 
glass varies with the amount of cullet introduced to the 
furnace. This proportion is Simulated by assuming the 
existence of a furnace feed entirely by cullet. Such a 
furnace does not exist and is included here only to allow 
the user to postulate various proportions of cullet in- 
put. Proportions of cullet are simulated by variations 


teri eveat sete) ee Nemupperet mit ston Culler in The 


1 Energy Consumption in Manufacturing. 
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container process is 60 per cent.! However, it appears 
that most furnaces are utilizing less than 30 per cent. 
Smaller proportions are anticipated in the flat glass 
process as recycled bottles and glass are not accept- 
able as cullet. Only the broken glass from within the 
plant is utilized as furnace feed. Thus, no parameter 
is included for cullet in the flat glass process as the 
breakage and the energy used to re-melt it is assumed 


to be part of the overall process. 


(7.7) «+. G5 = Pu Wy 


where, p, is the proportion of container 
glass output satisfied by cullet 
LD as 


(7, 8 dened weal en Omen mee 


The per unit energy requirements were obtained for the 
container industry through the survey. The remaining 
data was based on the relationships between the flat 
glass and glass containers industry expressed in the 
literature and the ratio of the American to Canadian 


average energy consumption. ? 


1 Ash tray manufacturers apparently are capable 
of; usingel00 per cent. culler. 


2 The Conference Board, Energy Consumption in 
Manufacturing. 
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TABLE 3./a 


VARIABLES IN OUTPUT FORECASTING EQUATION 


Year Dependent Variable Independent Variables 

(t) (Q,) (POP) (OAUTO) (OCON) 
1964 aE eR) 6G sau 399,75 Le 4 296 
eG 134,248 Grego GU 687,672 2,416 
1966 134,402 Gros 690.345 2,801 
1967 144,791 ase dust VARESE they 2,804 
1968 174,876 Up ghee eM BEOsALg 3,064 
1262 184,210 ISIE) 1, 019, 600 File otk 
1900) OTA aes: Tyee iat® O19 7469 She 
ve ra! 199,704 Lape 0 Siae 1,024,370 3,609 
L977 2 ZU 3 4LOU Tipe see, ae, AGE GA 6 fF S7625 
amehyr 240,452 The evi aN) Ue Sata eg Sere 


where, Q, is total shipments of Ontario glass products 
iINetnousanacs Otel~¢/. dollars, otatistLtcs 
Canada 44-207, 

POP is provincial population, in thousands, 


OAUTO is number of passenger vehicles produced in Ontario. 


OCON is value of construction investment in Ontario 
inem2t Wwonsr of constanenoysadolsars: 


co IOs 
TABLE 3.7b 


PER UNIT ENERGY REQUIREMENTS 
GLASS 


(Btu x 10°/unit) 3 


Energy Form 


Production Fue Simone Natics Dees | lec eC 
Process (variable) Ovi Gas Coal ees et eh) 
Bat Vasc. 
Raw melt (Qf) - 37263 - 9 
Forming (Qf) - - - - 2.41 
Annealing (Qf) ~ 9.41 - - 


Containers: 


Raw melt (dgé¢) - 36.8! - 9! 
Guillet, met cum cia) ~ Bites 3 - 91 
Forming (q;) = = = 3.55 
Annealing (qj) - Gai _ = 


Derived from Acres' survey and U.S. data converted to 


Canadian basis based on average per dollar consumption 
{The Conference Board) 


Based on 15 per cent saving using cullet. 


Units are thousands of constant 1971.:dollars-. 


A small quantity of fuel) oll is jconsumedmingthisesector 
but has been ignored in the model. This is discussed in 
the Other Manufacturing Sector. 
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3.8 - Industrial Chemicals 


3.8.1 - Industry Overview - Energy Use 


In 1973, the production of industrial chemicals required 
79.7 x 10!2 Btu of energy. The sector ranked third in 

Btu per employee and fourth in both Btu per dollar shipped 
and per dollar of value added. The principal fuels used 
in the sector were fuel oil (35.5%), natural gas (50.43%) 
and electricity (13.1%). Smail amounts of gasoline, coal 
and L.P.G. were also consumed over the year. In addition 
to these fuel requirements, natural gas and fuel oii were 
required as feedstock. Some 22.5 x 10!2 Btu were con- 
Sumed as feedstocks in 1973,.(3, pew .cens,.fuel ovl, 97 per 


cent natural gas). 


3.8.2 - Industry Overview - Markets 


Historically the industrial chemicals sector has expe- 
rienced a greater rate of growth than the Canadian 
economy as a whole. In Ontario the real dollar value of 
Shipments expanded at 6.3 per cent per annum from 1964 
to 1973. However, the greater part of this expansion 
occurred between 1964 and 1968. From 1969 to 1973, the 
real value of shipments grew at 5.6 per cent per annum 
in Ontario. Further, in light of the rapid development 
of ammonia and ethylene production capacity in Alberta, 
a return to more rapid expansion of shipments in Ontario 
is unlikely. Therefore, levels of production in the 
industrial chemicals sector will become more closely 


linked with overall economic activity in Canada. 
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A small sample of the major outputs of the industries 


have been categorized below: 


Tnorganic 


Chlor-Alkali 


Chlorine 
Caustic soda 
Soda ash 


Other 


Ammonia 
Phosphorous 
Phosphoric acid 
Sukiucve acid 
Fertilizers 
Aluminum sulfate 
Hydrocn leric acid 
Potash 

Alumina 

Sodium 

Calcium Chloride 


Urea 


Organic. 


Ethylene 
Propylene 
Ethylene dichloride 
Methanol 
Formaldehyde 
Ethylene dioxide 
Acetone 
Acetaldehyde 
(/Neisieske Glesb/s: 
Tsopropanol 
Ethanol 


Chlorine and caustic soda are produced in cells through 


the electrolysis of brine, 


compounds at 


the cathode. 


Chlorine in gaseous form is 
produced at the anode and hydrogen, sodium or potassium 


A weak caustic solution is 


drained from the cells after the completion of chlorine 


GXtraGuLons 


from it.for re-use inthe cell brines: 


The solution is evaporated and salts removed 


The resulting 


strong caustic is treated chemically to reduce the remain- 


ing water content. 


Contaminants such as sodium chloride 


and colloidal iron are also removed at this point. The 


resulting solution may be sold in liquid form or dried, 


flaked and packaged for shipment. 


The chlorine gas, mean- 


while, is chemically dried, compressed and liquefied for 


shipment. 
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PRODUC EION®] PROCESS 
INDUSTRIAL CHEMICALS 


SODIUM 
CHLORIDE LIMESTONE 


LIME KILN 


Cow 


CALCINER 


ELECT ROL rll 
PRUtt rs 5 


SODA ASH 


CHLORINE CAUSTIC 
SODA 
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PRODUCTION PROCESS 
INDUSTRIAL CHEMICALS 


REFINERY REFORMATE NATURAL 
AND LIGHT ENDS GAS 


AROMATICS IGAS CRACKING HIGH PRESSURE 
STEAM REFORMING 
BENZENE {| ETHYLENE | PROPYLENE 
AMMONIA }CcO2 
ALKYLATING— 
DEHYDROGENATING 
STYRENE 3 } ! 
Clo Alar hac BLENDING AND 
REACTOR DECOMPOSITION 
HIGH PRESSURE 
POLYMERIZATION 
ACRYLONITRILE UREA 
POLYETHYLENE 
BULK FERTILIZERS 
OXY CHLORINATION eerinstirny: 


—POLYMER ZA PION 


CATALYTIC 


REACTOR 


| 


POR GEROP YEENE 


POLY ViN TLGRECORTLDE 
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The major energy inputs are confined to the operation of 
the cells, evaporation and liquefying. Steam for heat 
exchangers and electrical power is produced on site in 
boilers fired by fuel oil or natural gas. Gas turbine 
generators have been recently introduced to improve the 


efficiency of electrical power generation. 


Soda ash is produced by the carbonation of an ammonia 
brine solution; ammonia acting as a catalyst for the re- 
action. The carbon dioxide required for carbonation is 
produced by calcinating limestone mixed with coke. The 
gas is then bubbled through the ammonia brine solution 
and crude sodium bicarbonate is drawn off. The output 
is cooled resulting in NaCO3 crystal formation. These 
are fed into a second calciner where drying is completed. 


They are then cooled and packaged for shipment. 


The chemical reactions involved occur at low temperatures 
(25°C), the major energy expenditures occurring in the 


calcinating and dryer stages of manufacture. 


Inorganic chemical manufacture requires a wide variety 

of inputs and processes. In general, however, energy 
utilization is confined to heating raw materials to the 
temperatures necessary for reactions to proceed. Calcium 
chloride, for example, is prepared from quicklime and 

Cal lOCne ates UUU COMPO 2 /UUeCe tee recto tc furnaces. © DLyYing 
also accounts for significant amounts of energy in the 
production of some compounds. In all cases the energy 
sources are natural gas, fuel oil and electricity. In 
Darcicular Cases, small amounts of coal,or L.P.G. are 


used, but are not significant in overall fuel consumption. 


me AOR SP IS 


The organic industrial chemicals are produced by various 
chemical conversions of a basic feedstock such as natural 
gas,naphtha, or light ends produced from refinery crack- 
ing operations. Nitration is one of the most important 
methods of producing intermediates and dyes, Nitro groups 
rarely appear as final products. Amination by reduction 
or ammonolysis, oxidation, hydrolysis, alkylation, and 
Sulphonation are all common processes in the manufacture 
of industrial organics. Halogenation and) chlorination 

in particular are increasingly important in the production 


of intermediate derivatives. 


Although some conversions such as sulphonation are exo- 
thermic, large quantities of fuel are required to heat 
the feedstock stream and reactants, as well as to provide 


energy to drive turbines, pumps, and compressors. 


3.8.4 - Energy Consumption 


The industrial chemicals sector is heavily committed to 
natural gas, low sulphur fuel oll, andvelectricitye 
Opportunities exist for substitution among these fuels, 
but primarily because of technical and environmental 
considerations, the possibility of introducing other 
energy sources such as coal are very limited. Asa 
result, producers of industrial chemicals are highly 
sensitive to availability and price adjustments of these 


fuels. 


It should also be borne in mind that organics and in- 
organics often require fuels as both a feedstock and 
energy source, making supply and price conditions doubly 


Significant to the viability of the sector. 
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Within the sector approximately 15 per cent of all non- 
feedstock energy consumed is committed to space heating, 
lighting and other accessory uses. The remainder is 
used as a process fuel generating steam and electrical 
power, heating feedstocks and operating driers, kilns 
and refrigeration units. The percentage distribution 
among the process uses varies with the particular output 
and method of production. The chlor-alkali process re- 
quires, for example, approximately 70 per cent of its 
total energy consumption to generate electrical power to 
Operate electrolytic cells and compressors, 20 per cent 
for heating and drying of materials and 10 per cent for 


Space heating, lighting and other purposes. 


373825 = fhe Future Outlook 


Markets 


The major chemical plant processes are so large that in 
most cases the market area for the products is much wider 
than provincial boundaries. This applies particularly 

to new petrochemical installations which must consider 
national and international markets for their output. 
Particular productsiare,) of course, tied) to certain in- 
dustries such aS ammonia which will be related to agri- 
cultural performance and chlor-alkali production which is 
related to pulp and paper production. On the other hand, 
the multiproduct organic streams are related to consumer 
spending and overall economic prosperity. Overall, markets 
will be related to general economic conditions in Canada 
and to some degree, North America, over the longer-term 
of the study. 
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Conservation 


The Canadian Chemical Manufacturers Association, Canadian 
Fertilizer Institute and the Rubber Association of Canada 
have all initiated an active monitoring and conservation 
program. The estimate for industry wide reduction of 
unit energy requirements based on 1972 levels, is 17 per 
cent over the coming decade. These savings are divided 
equally over better plant operation and housekeeping, new 
capital expenditure, and improved technology. In Ontario 
the 17 per cent figure should be viewed as an upper limit 
Since new plant installation may occur in Ontario at a 
Slower rate than in other provinces, allowing less energy 
efficient methods of production to persist in Ontario. 
Provincially then a figure in the range of 12 to 15 per 
cent may be a more accurate estimate of the sector's 


conservation efforts to 1985. 


Technology 


New methods of production and improvements in existing 
techniques are constantly being introduced in chemical 
manufacture. But Since literally all of this development 
is initiated outside cf Canada, -ress2ntroduction, into the 
Canadian sector is slower and more irregular than is 
typical elsewhere, particularly in the United States. 
Further, the innovations are often typified by large- 
scale operations or other features which make them in- 
appropriate to Canadian conditions. Thus additions to 
Capacity will be met by world-scale plants. These 
infrequent additions wilk result in large bulges in 
output and energy consumption. Such a jump is antici- 
pated for 1978 when the Petrosar complex is scheduled 


for start-up. Although some continuity in growth will 


- klii-~ 


result from debottlenecking and adjusting levels of 

Ul ZAtLOnNVOTme e1Sting taCtTiItlLes, etuel consumption inf 
thus sector, and Ge natural gas in particular, will tend 
to be crisis-prone because of the irregular growth path 


arising from its large scale of production. 


In terms of rapid changes in energy inputs per unit of 
product, no startling developments are foreseen and 
changes that do occur as a result of new technology are 


accounted for in the conservation estimations. 


3.0.0. ---LDoustry Model 


The industrial chemicals classification includes all in- 
dustries primarily engaged in the manufacture of inorganic 
and organic chemicals. The largest consumer of the pro- 
aqducts Of this andaustry is the 1ndustry itself as “the 
outputs ‘or by-products of one process. are .consumed as the 
inputs of other processes in the same plant. In analyzing 
the industry, one is faced with many hundreds of products, 


only a small number of which have published output figures. 


The industrial chemicals sector, for purposes of this 


Study, has been divided into four overall processes. These 


lige 


Chlorine production, 
Ammonia and other inorganic chemical production, 


Ethylene production, 
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Other organic chemical production. 
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The division of actual end products among these processes 
is: 


Inorganic Organic 
Chlor-Alkali Other 
Primacy =a Chlorine Ammonia Propylene 
Zinc oxide Ethylene 
Sulphuric and Butenes 
NacCriceacra Benzene 
Calcium carbide Toluene 
Xylenes 
Inter- Urea Styrene 
mediate Ammonia Butadiene 


Ethylene oxide 


End Chlorine Bulk fertilizers Polyethylene 
Caustic soda Polyvinyl 
chloride 
Polystyrene 
Polypropylene 


In the model prepared for this study we have selected 
only four elements as indicators of the total industry. 
These elements (ammonia, chlorine, ethylene and pro- 
pylene) are considered to be first generation derivatives, 
i.e. they are the basic inputs to the industry. The 
production data for these elements was available on a 
national level but not provincial. Estimates of provin- 
cial output were obtained from various sources and are 
applied to the national data in the model in the form of 
proportions. These proportions are expected to decrease 
in many cases as new petrochemical facilities are com- 
pleted in Western Canada, although total provincial 
production may not decline. The industry tends to be 
oriented to the ultimate market, i.e. it has been easier 
and less expensive to transport the raw materials (feed- 
stocks) to the market areas for processing rather than 


the finished products. 
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In general the per unit energy requirements have been 
derived as the input per unit necessary to match the total 
energy consumed in the industry as listed by Statistics 


Canada. These totals to 1973 are: 


1 


Inorganic Organic 

Fuels 
PRR See pea ow pe —Enlorine ~HtUby Lene 
Non-feedstock Se -Propylene 
(Ontario) (Btu x 10%) 
Coal 463.8 70) 
Natural gas APShO x / co Tortie Nis) ap. 
Fuel oil L763 3. 4 Vile tealscey! Abe 
Blectricity 6,486.6 By 96828 
Feedstock 
(Canada) 
Natural gas Si poae «4 6 SOG... 
Fuel oil Steal 8 yaks) yao eo 


Wherever possible the per unit figures are verified with 
Operating statistics obtained in the literature and in the 


survey. 


Chlorine 


It has been assumed that 45 per cent of the total Canadian 


chlorine production occurs in Ontario. * 


The major consumer 
of chlorine is the pulp and paper industry; 56 per cent of 
total Canadian consumption was by this industry in 1973. 


Production has been related to the output of chemical wood 


1 pata for the inorganic chemicals sector includes the 
relatively small amount of fuel (1,221.7 x 10% Btu) used 
by the pigment and dye industry. 


2 Thirty per cent of total Canadian production occurs 
in One Ontario plant. 
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Chlorine production occurs in the presence of electricity 
and steam. Per unit energy requirements are 3,000 kwh 
and 9,680 pounds of steam per ton of chlorine.' fThis is 
a requirement for 10.2 x 106 Btu of electricity per ton 
for electrolysis, and 12.9 x 10° Btu per ton for steam. 
Chlorine plants often generate both electricity and steam 
on site. An example is one modern plant that uses three- 
quarters of its natural gas in gas turbines for electric- 
ity and the remainder in boilers for heat to supplement 
that from the turbines. However, no overall data could 
be obtained to quantify this relationship for the whole 


InaustLy: 


Ammonia 


Ammonia production is expressed in tons of anhydrous 
ammonia. It is estimated that half of the productive 
capacity for-<ammoniay is) located@in Ontario the bulky of 
the remainder is in Alberta.* Consumption of the end- 
products of ammonia is centred in the agricultural sector. 
Thus production has been related to the provincial acreage 


(see section 3.2). 
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where, p; is the ratio of ammonia production 
to total acrese in tuntallo. geUver = ule 
10-year period addressed in this study, 
the value of this parameter has risen 
PYOnie Use ee eo Seer Om OO our Ne Loa 
(see Table 3.2a) 


1 The Conference Board, Energy Consumption in Manufacturing, 
energy requirements are for an electrochemical unit which 
is\.one ton- of dry, chicfimefandslnisstoneoicausticogsoda 
in 50% ‘solution: 


Corpus publishers, Feedstock Requirements for the 
Ontario Petrochemical Industries. 
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Natural gas is used as feedstock to the ammonia plants. 
Of the 34 to 36 million Btu! required to produce one ton 
of ammonia, two-thirds is assumed to be feedstock, the 


remainder is process heat. 


Total feedstock requirements for Canada, listed by 
Statistics Canada as natural gas consumed as a material, 
indicates that 37.3 x 10!% Btu of natural gas were used 
in the inorganic chemicals sector. Given a total output 
of 1,372,659 tons of anhydrous ammonia (also ‘Statistics 
Canada) we get 27.2 x 10° Btu per ton which corresponds 


to the two-thirds figure above. 


After removing the fuel consumption in the production of 
chilorines trom the total. fuel consumption 1n* thesincdrganic 
chemicals sector, the remainder is assigned to ammonia 
production. This figure is more than enough to satisfy 
the process heat requirement for ammonia. The extra is 
assumed to include all other process requirements in the 
inorganic chemicals sector as well as other manufacturers 
in the industrial chemicals sector, e.g. pigment and dye 
industry. Output of anhydrous ammonia, therefore, serves 


aseae Proxy Lore alle outputs or the Sseccor. 


Ethylene and Propylene 


The demand for ethylene and propylene is reflective of 


the demand for all of their end-products. 


Nearly 45 per cent of the Canadian ethylene consumption 
occurred in Ontario which amounted to some 405 million 
pounds in LO70eS ein addition, it is estimated that over 


250 million pounds of propylene were consumed in the 


1 Acres' survey. 


2 Corpus; op. cit. 
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province. (No national or provincial time series for 


propylene was available.) 


The current technology for the production of ethylene 
involves the use Of a gas cracking process.) ~The major 
co-product is propylene and the by-products are butadiene 
and the aromatics. The yields of this process reveal 
that for every pound of ethylene produced approximately 
one-half pound of propylene is produced. The actual 
yields by weight of ethylene range from 40 per cent of 
total output using a light naphta feedstock to 25 per cent 
uSing a heavy gas oil feed. The model computes energy 
consumption based on the ethylene output expressed in 
tons. The energy consumed to produce the co-product and 
by-products is included. The per unit energy consumption 
estimates are based on the Acres' survey and the litera- 


ture. 


Energy consumption for the myriad of the products of the 
Organicychemicailis) SeclCOmiiscseticke Chyvlenem Olt tame dsiire 
aS a proxy for total output. Therefore the per unit 
energy consumption figures are calculated in terms of the 
total activity in the sector associated with the output 
of one ton of ethylene, i.e. it includes all downstream 


energy consumption. 


The list of final and intermediate products based on 
ethylene appears endless. They are consumed in virtually 
every sector of the economy. As such, they are related 


to Gross National Product. 
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The data provided above for the organic chemicals sector 

is relevant to plant currently in use. The annual capacity 
of this ‘*pvant as@in the order .ofS500 million pounds.! A 
world scale ethylene plant, Petrosar, is nearing comple- 
tion in the Sarnia area. This plant is capable of pro- 
ducing one billion pounds of ethylene per year as well as 
700 million pounds of propylene and many other products. 
The project is actually a chemical refinery as its feed- 
stock is crude oil and output is a wide range of primary 


chemical compounds. 


The first stage -- the crude unit -- extracts a wide range 
of naptha from the oil and produces as by-products most 

of the outputs of a regular refinery, motor gasoline, No. 
2 fuel oil and No. 6 fuel oil. The naptha is feed to the 
olefins plant where the ethylene is produced. Other 
products include methane, ethane, propane and propylene. 
The final stage -- the aromatics unit -- takes the pyrol- 
ysis gasoline from the olefins plant and produces gasoline 


and aromatics. 


The energy forms used in the plant are electricity and 
steam. The steam is produced on site from the residual 
fuels produced during processing of the crude oil. Some 
35 Mw of electrical power is required in the plant. MThis 
amounts to approximately 1,000 x 10% Btu per year or 


2.0 x 10© Btu per ton of ethylene produced. 
The feedstock and steam requirements will be nil as the 


fuel sources used are not addressed in terms of this 


study; in actual fact the quantities are immense: 


I *Oilweek, *Junee2T ) eno 76eand "corpus, op) cit. 
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Production Total Btu per ton 
oqo Energy of Ethylene 
(Btu/year) (Btu x 10%) 
Crude AeS55 =x Loe SEAL 
Olefins 1680 meme Os 33.60 
Aromatics 344 x 109 0.69 
Upulities Sy lbsys) Se eye ~ 


Total feedstock is 61 million barrels of crude oil per 


Vea Cie 0 ss 10° Btu per pound of ethylene product. 


The per unit energy requirements matrix (Table 3.8b) lists 
fossil fuel requirements in the form of steam. These co- 
efficients have been balanced with the process literature, 
the output measures of the major, products forge 97 geand 

the Statistics Canada energy consumption figures for 1973. 
On this basis, the inorganic sector's steam requirement 
would be fulfilled by coal (2023) 7 enature gas ise se, 
and fuel oil (84.1%). The organic sector's steam require- 
ment is fulfilled by fuel om) (22.22 )\mandenaturateoas 
(77.8%). These factors would be applied to the corres- 
ponding total steam requirements to obtain the total 


fossil fuel requirements for the sector. 


The model considers only the fuel oil and natural gas used 
for ethylene: and propylene production and not the require- 
ments for petrochemical feedstocks (Such as naptha, ethane, 


etc.) or their crude oil equivalents. 
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TABLE 3.8a 


VARIABLES IN OUTPUT FORECASTING EQUATION 


Year Dependent Variables Independent Variables 
(t) (Qc) (Qa) (Qe) (PULPC) (ACRES) (GNP ) 
ton) Game Olt OM gil) em ea 9 th Vee pegee el 009, 1s. 65,610 
LOS OG 10 ane OO pO ORL 2, 3 a pO ieee OD ge 69,981 
IGG  929G,eoo) 44), Ean L539, O55 2,042, Oho) UAVS nu G 74,844 
Jacked!) Si Ra Seiwa MstsheLa Ves be RNS ash eee, pe a Gee OU LD paws 
ISS 693555 Oe oe GOD bol 5.1 2 LOL, OL) On er, lao ORT 81,864 
Looe Oy OOo OU an) a Lio, ow Page 8 ig WE opal 9 AY: 9 lege he a Chi eno 
LOUDER iG ali) O22), 07 sec, Oe 27 Ge las LO, 2 iy OO $8,390 
1 Dif 83, 48 5508/0575 -98 5002208 -B8 26318, 450gnk0, 080,495 94,115 
Toy eee OD poe eet OOO, FO te eee, oS 2,OaU; 2 Lo SLU PULLS, 400 99:,630 
Od Sepe lL Oooo a 1 27045, 0248 Jy LUG Ao ee Loo aoe) 
where, Qc is 45 per cent of Canadian production of 

chiorine, inotons, 

Qa is’ 50 per cent of Canadian production of 
anhydrous ammonia, in tons, 
Qe is 45 per cent of Canadian production of 
ethylene, in tons, 
PULPC is provincial production of chemical wood pulp, 
in tons (See Section 3.14) 
ACRES is total provincial acreage (see Section 3.2) 


Canadian Gross National Product in millions 
constant e971 dollars. 
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TABLES eb 


PER UNIT ENERGY REQUIREMENTS 


INDUSTRIAL CHEMICALS 


(Btuex te °/anrt) | 


Feedstock 

Production Natural 
Process (variable) Fuel Oil Gas 
Chlorine (Oc) = — 
Ammonias5 (Qa) 0.08 Damon 
Ethylene (Qe)8 - ~ 
Other organic (Qe)8 rea 12758 

)8 = a 


New Ethylene (Qe 


i “Unitsyare. tonseofmproduct. 


2 1,333 Btu/lb (86% efficiency of production). 


3 The Conference Board. 


* Acres' Survey. 


Energy Form 


2 


Steam 


e298 
I 

ele aha 
186.97 


> Includes ammonia plus other inorganic chemicals. 


Elec- 
trierey 
10.22 
270 
Ey he: 
22522 
aa0 


6 Feedstock requirement based on Statistics Canada data 


for fuel oil and natural gas. 


These figures are less 


than the total feedstock data gleaned from the liter- 
ature, the difference is categorized as petrochemical 
feedstock and propane which are not addressed in this 


SLuCy.. 


7 Statistics Canada data balanced to ethylene production 


data. 


8 Ethylene demand is to be split based upon capacity. 
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3.9 - Iron Foundries 


3.9.1 - Industry Overview - Energy Use 

The iron foundry industry as defined here comprises firms 
listed exclusively as iron foundries and those listed as 
automobile parts manufacturers. The reason for this 
grouping is that a large number of the auto parts indus- 
tries have foundry facilities integrated into their 
production facilities. The energy consumption in these 
facilities would have been lost if the iron foundry in- 


dustry alone had been selected. 


Total energy consumption in this sector for 1973 was 

20.5 x 1042 Btu. This represents 2.5 per cent of the 

total industrial energy in that year. The energy demand 

us «ine thebitomeor maturall'qase (519 629%,2 electrercitye 2 82°83), 
fuel oil (12.9%) and small quantities of coal, gasoline 
ands Pac = Jit additionito tcnis purchasedseneroy, SL! is 
estimated that some 90,000 tons of foundry coke was con- 
Sumed in these industries in their various operations. 


This is included in the total energy consumption figure. 


3.9.2 - Industry Overview - Markets 


The output of this industry includes all cast iron items, 
such as motor housings, hydrants and manhole covers, Lron 
pipe and fittings, valves and numerous other products. 

In the last decade the foundry industry has lost markets 
to forgings, fabricated roiled steel products, other cast 
materials such as aluminum and zinc, and to plastics. 
Despite a recent reversal in the declining growth rate 


of icastings demand, the industry is still in a position 


Jel 2 


Of excess. capacity. "Insiact jmmosteloundricssoperare 


only one shift per day. 


3.9.3 - Production Process 


There are essentially three energy-intensive processes 
in the foundry: acupolaimelting, electricumel ting! and 
other operations including space heating, holding of 


molten iron, annealing and ladle warming. 


A cupola is a cylinder in which coke is burned to melt 
iron. The cupola is charged with coke and iron from the 
top and fed with combustion air from the bottom. Energy 
in addition to that supplied from the coke is introduced 
to the cupola in the form of preheated combustion air or 
natural gas. Either method reduces the amount of coke 
required and reduces the need for costly pollution con- 


trol equipment. 


The melting process has two phases, the preheat and melt 
(to 2300°F) and the superheating? phasem (23007 Pe toe27002F); 
The cupola loses efficiency as the temperature of the 
molten iron increases. It is estimated that the cupola 
transfers 60 per cent of the heat potential in coke to 
the iron during preheating and melting, but only seven 


per cent during superheating. ! 


Electric induction furnaces present an alternative to 
the cupola. Their introduction was delayed for many years 
by the sluggish demand for iron castings coupled with the 


Over-capacity problem. The demand for malleable iron for 


1 Ontario Hydro Study, Energy Use in the Iron Foundry 
Industry In Ontario: 


LZ See 


FRODUC HIONT PROCESS 
IRON FOUNDRIES 


FURNACE 
CHARGE } 


| CUPOLA 
FURNACE 


eof y me Big 
FURNACE 


DUPLEXED 
FURNACES 


OTHER 
PROGRESSES 


BLN orc 
1 Pig iron input to the Tron Foundries PRODUCTS 
Industry consumes no energy in the 
sector. Energy consumption in the 
production of pig iron is assigned 
to the Iron and Steel Industry. 


—e2 oe 


automotive and plumbing parts imposed temperature control 
and metallurgical composition requirements on the indus- 
try which could not bev satwsfied by  thescucols.. Thus 


the electric furnace was forced into operation. 


The electric furnace is equally efficient in the two 
melting phases, at about 60 per cent efficiency. The 
extent to which electric furnaces are likely to replace 
cupolas depends, in addition to the quality considera- 
tions mentioned above, On comparative economics. The 
electric furnace is more efficient than the cupola in the 
Superheating phase. It is in this area that it has found 
its greatest use. Duplexing, i.e. using the cupola for 
the melting phase and electric furnace for the superheat- 
ing 1s gaining more: favour yinethesindustry sasmrossiis tue | 


and coke prices rise in relation to electricity charges. 


The electric furnace alsc is capable of melting lower 
cost raw materials such as steel and iron scrap, is more 
compatible with automated pouring lines and alleviates 
many pollution problems. The major drawback to an all- 
electric installation over a cupola system is cost. It 
is estimated that the electric furnaces cost 70 per cent 


more than the equivalent cupola system. 


3.9.4 — Enexogyv. Consumption 


Electricity and natural gas are the main energy sources 
inthe industry, electricityetindingssetsemayOreuse ,oL 
course, in the electric induction furnace, while natural 
gas is used in the cupola to offset coke consumption, and 


for other foundry operations such as space heating and 


=F 2S 


ladle warming. The distribution of total energy consump- 
tion in the industry (excluding foundry coke consumption) 


is estimated below: 


Metal melting PS eke 
Metal holding 62.6 
Other foundry uses! Ala) 
Space heating 30.4 
Services Gao 
100.0% 


The survey revealed few opportunities for direct fuel 
substitution. Natural gas is currently fired in the 
cupola to replace coke, this has reduced the amount of 
coke consumed from 335 pounds to 250 pounds per ton of 
iron.2 Approximately 500 cubic feet of gas is used in 
the substitution. Other factors also encouraged the sub- 
stitution Such as pollution control and closer Cemperd- 


EUre contro lL: 


These same factors contributed to the increasing use of 
electric furnaces which has resulted in a substitution 
of electricity for coke. While it appears from the survey 
that most replacement furnaces will be electric, no timing 


was available for this change. 


Substitution for natural gas in other operations such as 
space heating or ladle warming appear possible but only 
if equipment permits. No dual fuel capability was found 


in these areas. 


1 Includes heat treating, annealing, ladle warming, 
material handling, etc. 


2 The Conference Board, Energy Consumption in Manufacturing 
Manufacturing. 
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3.9.5 - The Future Outlook 


Markets 


Lower weight requirements in automobiles are expected to 
reduce the demand for cast iron items. Other markets 
for the industry should remain relatively stable with 


moderate growth. 


Conservation 


Apparently there are no conservation programs within the 
industry other than those dictated by energy costs. More 
efficient use of waste heat at both the cupola and ladle 


warming system are obvious areas for attention. 


Technology 


The only technological change in the industry is the 
potential to phase out the cupola in favour of the elec- 
tric furnace. The immediate effect of this change would 
be a reduction in foundry coke consumption and some 
natural gas use. The long run effect would depend on 


the extent and timing of electric conversion. 


CAS Piche Ge Mele sitcherc ye Iitere(sli. 


Four processes have been identified in this industry; 
three deal with the melting operation, the fourth with 


all the operations in the foundry: 


@e Cupola furnace melting, 

@e Electric induction furnace melting, 
@® Duplexed furnace melting, and 
° 


Other foundry operations. 


ae 


Productzon” in*tnesOntarlo iron foundry Sndustry “which 
includes automobile part manufacturers, was measured in 
terms-=o1 the total tons of 2ron” castings produced ina 
given year. The actual volume of castings was estimated 
based on the relationship of the provincial value of 
shipments to the Canadian value and expressed in tons, 
i.e. the Ontario value was divided by the national value 
and this proportion multiplied by the total Canadian tons 


Cf LonmcastincsecosODtainetie Provincial soltput sn, cons. 


The output has been related to the output of automobiles 
in North America and to the Canadian Gross National 

Prooucteiiem. ltOuseortecOnsStanitm dvi aOl lars. | They taret 
of these variables reflects the industry's major market 


and the second reflects all other markets. 
(OF ieee OF wos One eee (AULOL tes oe, (GNP) 
Output is then assigned to the three melting processes: 


cupola, electric and duplex, according to parameters 


reflecting estimates of current operations. 


(OR eee ee De Qu, output from cupola furnaces 
COMA eae Come es Q., output from electric furnaces 
Con a) ents | Cl ames Que output from duplexed furnaces 


The proportions were estimates based on information in an 
Ontario Hydrosrenortronsthesitronttoundry industry. This 
report states that approximately 80 per cent of the iron 
castings are melted by cupola furnaces. Virtually all 

of the remainder used an electric furnace. Duplexing 


which consists of melting in cupolas and superheating in 
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electric furnaces is included in the above. We have 
estimated that 60 per cent of the, total, output, isetrom 
cupola-based furnaces, 20 per cent from all-electric 
shops and 20 per cent from duplexing furnaces. Thus, 
Bao n0 36:, ows Ol 2p anid p aeO ns: 25. 


Year 
ay) 
1964 


1965 
1966 
1967 
1968 
95:9 
Les e! 
ARS DFU 
no he 


Thea geS 


where, 


VARIABLES IN OUTPUT FORECASTING EQUATION 


one 


AUTOP 


GNP 


pa ANOS 


TABLE 3.9a 


Dependent Variable 


Independent Variables 


(Q,) (AUTOP) (GNP) 
SO2 7115 8,293,600 65,610 
952,468 9,996,586 69,981 
O71, 502 9,292,381 74,844 
9057031 8,150,848 145 SHA 
934,269 977147007 81,864 
Ob i415 9,260,490 86,22 
833,566 7,488,310 88,390 
917,092 9,679,645 94,115 
993,227 95-9825377 99,680 

1,206,832 10,903,218 06,845 


is estimate of output of iron castings 
TeONCAL Oe Tetons se oOUurceE:. Statistics 
Canada 41-004, Acres, 


is total output of automobiles in North 
America, Source: Canadian Motor Vehicle 
Manufacturers Association, 


LS Canadian Gross National Product in 
midi vons-s Oreconstant 297/l dollars, 
Source: Statistics Canada. 
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TABLE ond 


PER UNIT ENERGY REQUIREMENTS 
IRON FOUNDRY 


(Btu x 106/unit)? 


Energy Form 


Production Fuel Natural Elec- 
Process (variable) @Rusk Gas Coals! iStri city 


Melting Furnace: 


Cupola (q,) aetor® oe Bilt) geht 
Plechrice.d,) 1s = ~ 2.10173, 
Duplex (q,) 1.05 Dene 2.202 pause 2 7oro 
Other 

operations (Q,) 5957 Soak! - 3.988 


i 


i. 


Based on 600 kwh/ton, Ontario Hydro. 


Cupola is 60 per cent efficient in melt and 
7 per cent in Superheating phase, Source: Ontario Hydro. 


Electricity 1s 9600 per cent etiicrventaineooliemelt 
and superheating phase, Source: Ontario Hydro. 


Melt phase consumes 87 per cent of heat, superheating 
phase ronlyel3) per cent Source:] Ontarrosavaro: 


ACTES WuULVe Vi. 


One ton of coke equals 1.44 tons of coal. This conversion 
factor is obtained at the coke ovens in the iron and steel 
milis.” Consistencyaw. tiwtiatecectoL msec ones ..0)— should 
be maintained. 


Space heating, annealing, paint drying. 
Lighting, materials handling. 
Units are tonsgoteuronscastinac. 


Includes ancillary operations; ladle warming, combustion 
air preheaters, etc. 


Non-coking coal used for cooling is not considered in the 
model. 
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3.10.1 - Industry Overview - Energy Use 


In 1973 Ontario's iron and steel industry consumed 

58.3 x 10! Btu of energy. This represents 10.6 per cent 
of Ontario's 1973 total purchased industrial energy con- 
sumption. Though the total energy requirements of the 
iron and steel industry are very large, the application 
of standard measurements of energy-intensiveness place 
this industry well below the leaders. Fuel sources for 
this industry are natural gas (60%), oil (18%) and elec- 


Gove mey mee eyes 


An additional energy input to this industry is the feed- 
stock coal used to form metallurgical coke. In 1973, 
this input was in the order of 128.0 x 10/4 Btu. This 
modifies the above energy proportions to coal (69%), 


gvhens beret Versio! Uae Nic VERN Vobap au blel ts aid All h be ecle¥ebeumbi-wh Vem ke mite .Wb 


The requirements for individual forms of energy per unit 
of output in this industry can be viewed as relatively 
fixed because only very limited interchangeability of 


fossil fuels is possible. 


3.10.2 - Industry Overview - Markets 


The market for Ontario steelmakers is primarily domestic. 
Most of "the major producers , infact; give priority to 
domestic customers, especially in times of heavy demand. 
The export market is important to take up production 
surplus to domestic demands and this is often success- 


fully accomplished because of the Canadian steelmakers' 


aes eee 


relative efficiency. In the past few years, exports of 


steel from Canada have dropped from 14.4 per cent of 


production in 1970) tomee2eperecentein 1975*% 


CANADIAN SHIPMENTS AND EXPORTS 
OF ROLLED STEEL PRODUCTS 


Total Canadian Export 
Shipments Total Exports Proportion 
(net tons of 2,000 lbs.) (3) 

L970 9,084,605 ire 1.0 yea 14.4 
Ste OL 9, 22077428 dippers, Ab Soma 
1972 O 7620 cOn yt dd mle hes 
1973 DOs Soins 59907429 clea 
1974 LL, 4397226 i; ites 230 8.8 
abs by es PO yao e Ue BoOOsW2s oe 


Source: Statistics Canada 41-001 


Ontario's three major integrated steel producers are in 


various stages of adding steelmaking capacity. Though the 
ultimate size of these additions is open to question (a 
reasonable estimate being that present capacity will be 
doubled), the significant observation concerning additions 
to capacity is that all are committed to the traditional 
method of making Steel. Technology employed consists of 
blast furnaces and basic oxygen steel furnaces. This 
means that traditional technology still is and is expected 
to continue as the most economic means of adding substan- 
tial capacity. The only serious challenge to this method 
of steel production is the direct reduction -- electric 
furnace process. The viability of this alternative rests 
in the relationship between the availability and price of 


coking coai versus that of electricity. 
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3.10.3 - Production Process 


The Ontario steel industry consists of fully integrated 
major steel producers such as Algoma, Dofasco and Stelco, 
and of specialty producers such as Lasco, Burlington Steel 
and Atlas Steels. On a volume basis, the integrated steel 
industry accounts for over 90 per cent of the Ontario pro- 
duction. From the energy consumption point of view there 
are Significant differences between the "majors" and the 


'rmInGrs ks 


The majors, the integrated steel industry, produce steel 
starting with iron ore, making molten iron in a blast fur- 
nace and finally changing iron to steel in either an open 
hearth or a baSic oxygen furnace. Thereafter the molten 
steel is cast into ingots or slabs and then the finishing 


processes begin. 


Whereas the integrated major steel industry starts the 
steelmaking process with iron ore, the specialty steel in- 
dustry cuts the process short by starting with iron and/or 
steel scrap. This short-cut is highly significant in terms 
of energy requirements per ton of product. If all new 
steel requirements could be met through the recycling of 
used steel, the total energy requirements of the integrated 
steel industry would decrease drastically.! However, the 
supply of scrap is Such that no more than 30 to 35 per cent 


of the steel furnace charge can be met from this source. 


1 BM&R, Canada (Minerals Division) estimate that electric 
steelmaking which is based on 100 per cent scrap, con- 
sumes approximately 6.2 x 106 Btu per ton, traditional 
steelmaking using blast furnaces and open hearth or 
basic oxygen steelmaking furnaces which are based on 
less scrap and consume 19.9 and 21.4 x 106 Btu per ton 
respectively. 
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PRODUCTLONEP ROCESS 


ERONSANDeSiTEEE IRON ORE 


COAL 
Gee ONE 


4 — SCRAP 


RAW MATERIALS 


COKE OVEN/ 
BLAST FURNACE 


PIG IRON 
OUT RUT 


FOUNDRIES 


BASIC OPEN Se EEE Se 
OXYGEN HEARTH ARC 
FURNACE FURNACE FURNACE 


CASTER 


CAS 4 Ek 


RAW 
Siete 
OUTPUT 


(SLABS, INGOTS, BILLETS) 


ROLLING AND FORMING 
OPERATIONS 


PN oie 
PRODUCTS 
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A brief description of energy utilization within the 
steel industry is, at best, difficult. The problem is 
that each major mill has developed and based its process 
technology on an individualistic use of the various fuel 
available, e.g. oil, natural gas, coke oven gas, blast 
furnace gas, electricity, etc. Thus a statement made 
concerning some specific use of one form of energy may 
ONLY Vappilyve to ones producermanstead-oft toeall.i 7 Toacompli- 
cate matters even further, the product mix of the many 


producers is different. 


An industry Overview would isolate the following major 


processes: 


Pemeome LcingelrOonsOreminto pig wi toneinya Dlast. furnace 


Coke, produced in on-Site coke ovens is the major heat 
source aS well as the principal reductant. An impor- 
tant by-product of coke, coke oven gas, containing 
some 500 Btu per cubic foot is used in combustion to 
reduce purchases of fossil fuels for blast furnace 

and steelmaking operations. Blast furnace gas, the 
exhaust from the blast furnace, is also used for the 
Same purpose. Approximately 3 million Btu of coke 
oven gas and 4 million Btu of blast furnace gas are 


used per ton of raw steel produced. 


2. Refining pig iron and scrap into steel 


The pig iron leaving the blast furnace may contain up 
to 4.5 per cent carbon and lesser quantities of sili- 
con, manganese, phosphorous and sulphur. To produce 
steel, these contaminants must be reduced, carbon 


content dropping to 0.4 per cent for a typical high 


el Oe 


carbon) steel, and: to).0 so pernscent formameyorc al. Low 


carbon steel. 


Three major types of furnace are available: 


The open hearth furnace: This is a long and shallow 
bath which is heated by radiation and convection from 
a flame which sweeps above the metal in the hearth of 
the furnace. Fuel may be natural gas, coke oven gas, 
fuel oil, tars or combinations of these. The furnace 
charges consists/ot plg Drones clabeand et ux, eoL Len 
pig iron is normally used from nearby blast furnaces 
and is charged directly to the furnace minimizing the 


energy required to heat the charge. 


The energy supply to the open hearth furnace comes 
almost entirely from the fuel. The process is not 
dependent on thermal energy derived from the oxidation 
of elements dissolved in the metal, as is the case with 
the basic oxygen furnace. Oxygen is introduced to the 


open hearth furnace to increase output capacity. 


The scrap/pig iron mix can be flexible for the open 
hearth up to an economic limit of 70 per cent scrap 
charge. The practical limits of availability keep the 
actual scrap content far below this figure. A typical 


Canadian average is in the order of 35 per cent. 


The basic oxygen furnace (BOF): The basic oxygen 
furnace is a cylindrical brick-lined vessel. Molten 
pig, 2zon andsscrapsare charaeccmin ton thes furnace and 


oxygen is introduced into the charge through a lance. 


em 


Unlike the open hearth and electric furnaces, the 
basic oxygen furnace does not require any supple- 
mentary source of heat. The thermal energy comes 
substantially from the oxidation of carbon and other 
impurities, notably silicon. Though scrap content in 
eaynormal BOR echarge Vis singthesonder of. 20) to.30 per 
cent, preheating of scrap allows a larger proportion 
to be used, with the technical limit being in the 


Order of 50 per cent. 


The electric furnace: At the present time the elec- 
tric furnace is not widely used in Ontario by the 
major integrated steel companies. It is used by the 


specialty iron and steel industry. 


The electric furnace has an advantage over the open 
hearth and basic oxygen furnaces in making alloy steels 
because conditions can be very carefully controlled. 
Scrap is used almost exclusively as a charge to elec- 


tric furnaces: 


Semi-finishing of molten steel 


Molten steel from the steelmaking furnaces is either 
poured into ingots and rolled into slabs, billets or 
blooms, Or it is "continuously cast anto slabs;—billets 
er blooms and rolled to shape. In the former case, 

the ingots are heated to a uniform temperature in soak- 
ing plts prior “to rolling! "in “thelatter *cass}? the 


slabs, billets and blooms are reheated prior to rolling. 
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3.10.4 - Energy Consumption 


It was stated earlier that the dominant source of energy 
in the integrated steel industry is coal, which accounts 
forsome 69 per cent of the total energy consumption. Oil, 
natural gas’ and electricity account 165 57919 and 7 per 
cent respectively. The specialty steelmakers depend 
primarily on natural gas and electricity for their elec-— 
tric furnaces. The integrated steelmakers depend upon 
the direct application of fosszheruelsminvthesproduction 
of steel. Since the three fossil fuels used (i.e. coal, 
natural gas and fuel oil) all have different character- 
istics ,.~.2#tabecomessdiLerculratOmtotaliy Subs tigre. one 
fuel source for another within the same equipment. Apart 
from coal, there 1s snoscencrallyverequ coeds tossieerie 1 sin 
the integrated steel industry. Each mill has developed 
its own processes and over the years has come to require 
avanique: mixture of fossil, fuels... Theoretically, shifts 
fromeuse.of naturale das..t0O. 01 aor OleOle Omg Gea re 
possible. Yet in practice such moves would cost millions 


of dollars and take years to accomplish. 


Presently, the integrated steel industry uses approxi- 
mately 21.5 million Btu to produce and process one ton 
of saleable raw steel.! According to the International 
Iron and Steel Institute, the most efficient energy uti- 
lization in a modern steel mill uSing traditional tech- 
nology should result in an energy use approaching 17.5 
mi bison Btunpermston...> Here, -the gradesot thesore “and of 
the coal available to each mill plays a significant role 


in determining actual energy requirements. 


1 This figure includes all purchased fuels, coal, 
fuel oil, natural gas and electricity. 
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Markets 


Over the long-run the Canadian steel industry is likely 
to remain primarily oriented to domestic markets. Thus 
Canadian prosperity and growth in general will play a 
large part in determining output levels. Such factors 
as car Sales and construction will play a role in deter- 
mining this demand and have been built into the model. 
To some degree, product mix may change over the study 
period but basically steel will remain one of the indus- 
trial foundations of consumer goods manufacture over the 
period and no startling changes in the growth pattern 


arising from substitutions are likely to occur. 


Conservation 


Only a relatively modest potential exists in this industry 
for the reduction of energy use per unit of output even 
with large expenditures. At the Second Conference on 
Industrial Energy Conservation, the industry forecast a 
reduction in average energy consumption per ton of raw 
Steen tromethe present 21 Sainitiwoneetustos2 0s Simson 
Btu by 1980. This reduction is predicated, amongst other 
things, on the successful completion of planned expansion 
and operation at high levels of capacity utilization. 

Much will depend on the quality of both the iron ore and 


coal available. 


One aspect of the operation of high temperature processes 
such as steel production is not generally recognized. 

Often there exists potential for the generation of steam 
that could be used either for heating or for the genera- 


tion of electricity. Such steam and electricity would be 
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Surplus to the requirements of the industry and unless 
markets were to be developed for this surplus energy, 
there would be no point in considering its generation. 
From the overall efficiency point of view, it would 
appear prudent to explore such excellent opportunities 
for the better utilization of energy. No estimate of 


current or future generation was obtained in this study. 


Technology 


In a very capital-intensive industry such as this, tech- 
nological breakthroughs do not occur frequently. The 
magnitude of the initial investment by itself, tends to 
decrease the possibility of experimenting with smoothly 
running plants because the cost of repairing possible 
damage would be measured in the millions of dollars. For 
that reason alone, new technology cannot be accepted 
untLl Pees cfully proven sino Cen ven ts yada rea tative 


expenditure of vast sums of money. 


Expansion in the steel industry will involve greater use 
of the BOF rather than the open hearth which has been 
considered to be obsolete in the past 10 years. There 
is also an increase in the use of electric furnaces. 
This should tend to have a positive effect on the avail- 
ability of scrap. The overall trend indicates, that open 
hearth furnaces will be phased out based on the better 
economics of basic oxygen and electric furnaces. How- 
ever, it is difficult tompredicternes ci minopocethis 
substitution. EM&R use the period between 1980 and 1985 


for the phasing out of the open hearth furnace.|! 


lL, BM&sR, Operators’ List 2,eudanuery LO75e 
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The Canadian steel industry is generally considered as 
one of the most efficient in the world. In view of the 
above statement it is relevant to note that although 
there are such developments as direct reduction, the com- 
bination of economics and confidence in the new technology 
has made the industry approach the investment of millions 
of dollars in such technologies with great caution. If 
they become viable and there is every indication that 
direct reduction 1s, the instaliatron of new capacity 
which will last for 20 or 30 years, makes the wide appli- 
cation of the new technology unlikely within the time 
frame of this study. 


In direct reduction, high grade iron ore is pelletized 

and fed to the reduction furnace. The output from this 
furnace is the charge to an electric arc steelmaking 
furnace. Fuel for the reduction furnace can be non-coking 
coal, natural gas or other gas, electricity is the obvious 
power for the steelmaking phase. Reduced iron ore pellets 
offer a viable substitute to scrap for the existing elec- 
trical steel producers in Ontario. In order for the 
direct reduction process to compete with traditional iron 
and steel production processes, there must be high quality 
ore available, an abundance of low-cost non-coking coal, 
low-cost electricity, a shortage of coking coal and an 


uncertain scrap market. 


Two processes are currently in use in Canada or under in- 
vestigation. The Mildrex process uses gas to reduce the 
ore while the SL/RN process is based on low quality non- 


SCok@ngs coals 


Energy requirements, based on internal Acres' documents 


are estimated at 13.9 x 10® Btu per ton for the Mildrex 
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process and 9.2 x 10® Btu per ton for the SL/RN process. 
Both would require approximately 120 kwh of electricity 


Der sALOn. 


One final technological development that could have 
Significant impact on the energy mix in steelmaking is 
the application of nuclear energy. The concept here is 
not to change the basic steelmaking technology but to 
apply thermal nuclear electric power to a major steel- 
making plant as the primary energy source and thus 
replace many of the conventional fuel sources. The 
magnitude of such an undertaking, however, probably ex- 
cludes it from being done by a steelmaker. More likely 
it would be a joint effort of a major utility such as 
Ontario Hydro and a steelmaker who would take a major 
base load of the plant while the remainder would be sold 
to other customers. In the long-run, this would clearly 
affect, in a major way, the demand of the steel industry 
for fossil fuels (oil and gas). Coal would be the only 
fossil fuel required in the industry and that only be- 


cause of its metallurgical properties. 


An alternative use for nuclear power, and a far more 
ambitious project, is to apply the heat of a nuclear re- 
action directly to the iron and steelmaking process. This 
definitely has a long lead time associated with it and 
Wik probably not be a factor within the study period 
covered here. The advent of nuclear energy in steel- 
making will no doubt be further off than widespread in- 


vestment in .dixvect meduction. 
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The model for the iron and steel sector has not divided 
the industry into the traditional integrated versus 

Specialty steel classification but has rather opted for 
an approach which isoclates the process regardless of the 


type ot mill in whiichoit isstocated. 


For the purposes of this study the energy-intensive pro- 


cesses have been identified as: 


Blast furnace/coke oven, 
Basic oxygen furnace (BOF), 
Open hearth furnace (0H), 


Electric arc furnace, 


Rinsing LOL lind, —LOrmiIndg,. Gxt ruaindgd,. ecc. ) 


Purchased fuel consumption in the traditional steel in- 
dustry is supplemented to a great degree by gases from 
the blast furnace and the coke ovens. Blast furnace gas 
(95 Btu/scf)! is used to heat the air required for combus- 
CLO che DliaSteLitnace m@cseli.. Forty per cent of the 
available coke oven gas (500 Btu/scf)! is reused in the 
ovens; the remainder is consumed in other processes in 


enewD lac. 


Energy used for processes in the mills other than those 


listed above is included in the finishing process. 


Production data in the iron and steel industry was 
numerous. However, it tended to be available only at the 
national level with scattered data and information on a 


provincial basis. 


1 scf - standard cubic foot (60°F - 1 atmosphere) 
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The only readily available provincial measure was the 
total output of steel ingots and castings expressed in 
tons. The input to the model required a breakdown of 
this total by steelmaking furnace and this was available 
at the national level. Fortunately, the distribution 

of furnaces in Canada allowed a reasonable estimate of 


OntarvospLroduceron:. 


All basic oxygen furnaces are located in Ontario and only 
one open hearth operation is outside of the province. 
The production figures for this single operation was 
listed in an EM&R publication! and thus Ontario data 
could be computed for open hearth steelmaking. Electric 


furnace output was taken as the remainder. 


Total output of Steel angots@and! castings Wesrorecast 
based on two economic variables: Gross National Product 
in Mmbpllions Of constant elo7 Wedollars aicwcote Onecare: 


aAULOs OULEIUts 


(FLOR) ty sctetee os Lirkalse tele. Sip Stl ere mM ON Ly cme an (OTC) 


This output must be assigned to the three steelmaking 
furnaces currently in use in the province. The three 
parameters will change over time to reflect the changes 
in the industry, e.g. phasing out of open hearth opera- 


tion in favour of basic oxygen and electric. 


UO 2) eer ett 


Pp, (STEEL) 


output tons of open hearth process, 
CODEN Ce euoy GjmaVat Cm uO be ae Cm tno 


! Canadian Primary Iron and Steel Statistics to 1971. 
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(LOGS) =asObote="ps (STEEL) 


= output tons of basic oxygen process, 
GCUrr enna ValLucetonip, =is7i0!. 1s. 


CLO BAe SoIpSI1e= pee STEEL) 


= output tons of electric process, 
current value for p, is 0.068 


A large shift to direct reduction techniques would increase 
the demand for electric furnace facilities. However, no 
long-term forecast of direct reduction facilities was 


available and this impact could not be assessed. 


The yields of each process that is the relationship be- 
tween the output of the process and the input in terms of 
weight, are an important consideration in this industry. 
The data was obtained from internal Acres' files. The 
yield of an electric furnace charged with scrap was taken 
to be representative of the scrap to steel yield in all 
furnace types. The pig iron to steel yield was computed 
after the scrap input was taken into account. The final 
yield, that of the finishing process, was taken directly 


from EM&R. The yields computed were: 


0.909, open hearth furnace steel output to 
DLOmELOMmieuLeracLo, 


Yiy 


0.847, basic oxygen furnace steel output to 


¥2 
pDigel ron i npuceratlio, 


0.877, electric furnace steel output to scrap 
input ratio; this figure was also assumed 
to be the steel output to pig iron ratio 
for electric furnaces and the steel out- 
Duty tosscrapsratio for all. furnaces, 


¥3 
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ro) 
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finishing process output to raw steel 
put AeLO. 


Yy 
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Scrap input into the various steelmaking processes has a 
great impact on total energy consumption. An increase 

in the scrap input reduces the pig iron requirement for 
the same output quality. This, in turn, would reduce 

the total coke consumption in the blast furnace and total 


coal consumption in the coke oven process. 


Open hearth steelmaking furnaces can theoretically accept 
up to 70 per cent Scrap in the charge. Basic oxygen fur- 
naces depend upon the impurities in the pig iron for much 
of the heat energy in the process and so must accept a 
lower percentage of scrap. The maximum is 50 per cent. 
The current scrap input of these furnaces is approximately 
35.5 and 28 per cent respectively. The electric furnaces 
can and do accept 100 per cent of their charge in the form 
of scrap. (Some pig iron is often included but the amount 
is negligible.) The scrap ratios used in the model are 

S, for open hearth furnaces, Ss» for basic oxygen furnaces 


and $3 for electric. 


The model computes the tons of scrap and pig iron input 
using the yields and the scrap ratios. For example, 
assume the total output of raw steel from basic oxygen 
furnaces is computed as 500 tons. The scrap input ratio 
is 28 per cent and Ehesvieldvor Sscrapais 8Ye/eper cent 
and. Of (Dig 2v0nMo4 seperecen tro CLAD piceinmeLonsawould 
be: 


SCRAP =8500/ (Vo exe Cle—so))/Sorr ays ) 
="500/1- 847 xP (Cle 0) eZee 28) +) e877) 
=e 6:9 e/a OLS 


Pig iron input is based on its relationship to the scrap 
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input srpatiowlis as: 


PIG IRON = 


An additional 


the values of 


16 3 lest CUCL Vas eso) 
LOS eee lees Otel 6 80 ate. Oo 
420, 9 cons. 


check is made in the model to ensure that 


Sifis>D UCSC smetlicasCraps Input. ratios, do 


not exceed the theoretical values mentioned above. 


Thus; Tnpurcs to 


(10 lever fefee Teh 


(age) © Ssetae 


Tiputs co baal 


Orsi eed nonce 


Ci 0°73) eee Gy 


open hearth process: 


DOI /Avarne 8 pees ear yar) 
pele ighcl Ge@)ar gycyvehiate ye 


Gq, UGE tse4s 1) 
LOS OL D2Gerron, 


wnere “the*theoretical maximum ‘value -for 


i 


Sito. UC peGUrLoOnt Vvaluemis 2355 


oxygen process: 


QbOE pW geae bls—- S55) AS o)c5 Yo) 
tons, <ofiesenap 


fsa sa) S5) 
tonseotepseetron, 


where the theoretical maximum value for 
So LS sd,oU, CUuLlLent value Ls 0.28 


Inputs to electric furnaces: 


(LOM 2). Je 


Qel/(y, x ((1 -=S_)+/s,)4-¥,4 
ton SOL Scrap 


ge Fgh Se 


(Oi ebOi} ite er. Cee 1 are x Cla — Solhe) 


= tons of pig iron, where theoretical 
maximum value for vey ABS ME eiyy enmachel= yas: 
values vse iiede 


Total tons of finished steel products is based on the pro- 


Guction of raw steel: 


CTU StL lym cease a) Ca SA. (STEED), Cusreic ava emOrs yi) eets Uiew) it 


For simplicity, the model assumes that the furmace charge 
is segregated into the two major components, scrap and pig 
iron, and in effect charged to separate furnaces. This, 
of course, does not happen but serves only to allow modi- 


fications to the scrap charge by furnace type. 


Totaleproducllonmore pig iron’ is: 


(LOL 2.) Pop ere mel RON omer (Choate CligemcaieCl ce) mex lel Rae ect) 


+ 


The study revealed that some of the blast furnaces were 
supplemented with natural gas while others used fuel oil. 
The Ontario Hydro Study figures lead to the assumption that 
51 per cent of the blast furnaces were supplemented with 


fuel oil. Furnace output is computed as: 


(LO °13)5... -) OVl (= pi BRON), etuei Ol Mesuppiemen ira ana 


CO tae WT ASS Ob Bas (1 - py) (IRON), gas supplement, where 


CeCe dl Gag\ ic Sic Ome ty ed San ene 


The coal consumption figure listed in Table 3.10b is based 


upon the current values of the coke rate (the amount of 


i Variables “do, q, and Gq, represent the amounts of pig 
iron required for steel furnaces only. Pig iron is 
also required as input to the Iron Foundry Industry. On 
a national basis this input represented 3.6 per cent of 
the total pig er ron achartde decossceeienuinace Sloe — 17 ola. 
The current value of y, is thus assumed to be .036. 
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coke required per ton of pig iron) and the coke oven 
yield (the amount of coal required per ton of coke). 
American data presented by Gordian Associates and The 


Conference Board! show the coke rate to be Geclining: 


ewe Coke Coke Rate 
(lbs) (ton/ton) 
OS Pea Od 13087 
1947 1,926 0.963 
1961 1,416 0.708 
962 2,380 0.690 
9.63 O33 8 0.669 
1964 P7310 OF655 
1965 Pek? OOS 6 
1966 By 2oe 0.641 
1916 7 vi 2e OFoSL 
1968 1,248 0.624 
Poo? Ip Rea, 0.626 
BOO ez 0.630 
Tog ead O62 9 
[972 yeeo OnGilS 


Several reasons for the reduced coke rate were provided: 


Conversion to pelletizing, 
- Improved operating practice, 
Larger blast furnaces, 


. Higher blast temperatures, 


SS EE 1 SS 


- Hydrocarbon fuel injection. 


1 Gordian Associates, The Potential for Energy 
Conservation in Nine Selected Industries. 


The Conference Board, Energy Consumption in 


Manufacturing. 
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The savings of a reduced coke rate were quantified per ton 
of raw steel in the Gordian study.! The savings associated 
with a 0.1 ton reductiton@ins cores Usespet ston OLD ig eit ron 

by means of items 1 to 4 is 1.38 x 10° Btu per ton of raw 
steel. If the savings are based on hydrocarbon injection 
instead (itemi5\),. the savingurcm0-) 50ers OCmEtuepenitLon otf 


raw steel. 


No theoretical minimum coke rate was provided although, be- 
cause the coke is required for its metallurgical properties 
as well as its heat content, there must be some minimum. 

The Conference Board suggests a coke rate of 0.5 in its 
projection to 1980. The same sources, verified by Statis- 
tics Canada datapnspecity that 72.44 tons of feeal ane required 
to produce one ton of coke. This has remained relatively 
constant over the past decade. The per unit energy require- 
ment is based on a coke rate of 0.615 and a coal/coke ratio 


of 1.44. 


Changes in the grade of iron ore will have no effect upon 
the iron and steel mills postulated@in this model~) The 
model is based on blast furnace burden composed of pel- 
letized iron ore which contains a uniform percentage iron 
(approximately 66 per cent). The impact of a lower grade 
of ore would be at the mining/pelletizing level. Currently 
the ore is 19 to 55 per cent stron. Jes timatesmerom MMSR of 
energy consumption in this phase are 6.6 gallons of fuel 
oll or 0.92 mcf of naturally gashand es? oukwhe pemmcon Of pel— 
lets. Recent Statistics Canada data indicate a ratio of 


approximately 1.33 tonsSsot one pellets pewetomsc. (9 =lron. 
The energy used for the mining and pelletizing of iron ore 
has not been included here but rather is included in the 


Mining, milling, smelting and refining sector. 


1 Gordian Associates, Ibid, Steel, p.109-110. 
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TABLE 3.10a 


VARIABLES IN OUTPUT FORECASTING EQUATION 


Year Dependent Variable Independent Variables 
(t)} (STEEL) (GNP) (OAUTO) 

1964 DAD OL 5 2! 55 7.0.00 5 7 ee 
1965 9,485,219 697,281 687,6/2 
1966 8,453,480 74,3844 Bou Oe 
1967 B73 3) Au Oe apron: = 109759 36 
1968 Ie 0 ya) Ow Si, 604 BEG, 179 
1969 J 79 CO ee OO pc ei tee ae tO) 
107 0 1) vel 20, 4 3B 88, 390 S19 469 
197d: 10 70L0:, L6G Dar lee 074,370 
Loge On 07 LOU OY., O00 oy or 
bao 12,040,019 106,345 Le) Aoi aye leiay: 


where, STEEL is total tons of steel ingots and castings 
produced? ing Ontari ose SourcesiStatistics 
Canada 41-203 


GNP is Canadian Gross National Product in constant 
18971 dollars, Source: Statistics Canada; 


OAUTO is total output of motor vehicles in Ontario, 
number of units, Source: Canadian Motor 
Vehicle Manufacturers Association. 


1 Statistics Canada, 


“EMER, Operators st 2) 
Canada 41-001, 
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Conta) 


ESTIMATES, OF. OUTPUT (Se LRONSANDeS TEE G 


Total Steel 
ingots €& 


Castings! 


(STEEL) 


eno ley 
Bay Greet, Hike, 
8,453,480 
87 335,745) 
9,400,741 
I TRERNO IES) ) 


10 /129,,435 
107,00 077206 
LO eO oun om 
770407019 


UO Ceo So 


(tons) 


Basic. 
Oxydgen 


Furnace 


(QhoE£) 


2,785,482 
5232 oe 
373 Lee 
BZ UG 70 Oo 
Siena Oaks) 
ay) sy rAs) | 
37 01 dco 
Byes) oiey ohare 
370 One ice, 
7,433,896 
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Remainder of production. 


January 19773, 
all BOF are in Ontario. 


Open 


Hearth? 


(Qoh) 


4,405,300 
4,685,900 
4,467,300 
4,514,700 
eral ene 
4,286,100 
B02 OU 
57,437,800 
4,364,600 
By yeu 


and Statistics 


pshetekeleste Ihe kr se 
Canadian Minerals Yearbook 1973. 


Electric 


Furnace? 


(Qel) 


390,469 
566,747 
608,447 
610,076 
S17 2.03 
398,300 
608,948 
637,401 
802,280 
808,923 


Total Canadian Production in OH Furnaces minus Sysco 
production, VEM&R, OperatousmListec, 
Mineral Bulletin’ MR 2327, 
Sysco 1972 productioneescimated, ate 007 000m tons. 
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TABLE 3.106 


PER UNIT ENERGY REQUIREMENTS ? 
IRON AND STEEL 


Production 
Process (variable) 
Blast Furnace: 

Fuel oi1 supp. (Qi£) 
Nats cas. Supp. (O29) 


Oven Hearth Furnace: 
Scrap charge (q)) 
Pig iron charge {(q5) 

BaSic Oxygen Furnace: 
Scrap charge (q3) 
Pig iron charge (dy) 

Electric Furnace: 


scrap charge (qs) 
Pageirom charge *(c, ) 


Finishing (Of) 


1 Ontario Hydro report. 


2 Gordian Associates. 


3 Acres' estimate. 


Acres' survey. 


Unites tare vton's. 


fe, Geen —< |e a irap) 
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(Snes ant). 


Energy Form 


Natural 
Gas Coal 
0.0 va hinge a 
2B! 21.99 
0.921, 2, 3 O.0 


2.771 2, 3 OG 


Q+ 0 
Q4 0 
se 0.0 


Oil has lower combustion rate than gas. 


Oxygen production at 500 kwh/ton of oxygen. 


Elec- 
Cm CLLy 


0.051! 
0.05! 


(ey CRY, 
(EP) AS) 
et 
i) N 
| ~ 
(es) OO 


Coke rate and coal-coke conversion as discussed in text. 


Calculations of pig iron charges are based on gross data and 


include allowance for production of pig iron for the Iron 


Foundry Industry. 


3.9% Of total pig iron produced. 


Iron foundry requirements are approximately 


= nap - Gs 
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setwirens sla tiet 
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lap? Sesetls fuszi prs 
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3.11.1 - Industry Overview - Energy Use 


In 1973 Ontario lime manufacturers consumed almost 

6.0 x 10'* Btu of energy. While this consumption repre- 
sented only 0.7 per cent of the total provincial indus- 
trial energy consumption, the fuel consumption of this 
industry per dollar of shipments is the highest in the 
industrial sector. Energy sources for this industry 


are coal, fuel oil, natural gas and electricity. 


3.11.2 - Industry Overview - Markets 


The lime industry is primarily domestic in nature and 

a large portion is used by the steel and pulp and paper 
industries. Imports of lime into Ontario have occurred 
only as a result of serious local equipment breakdown. 
There is some export into the northern United States. 
Future market trends will be tied directly to activity 


in the above two industries. 


3.11.3 - Production Process 


Lime, a caustic solid, white when pure, is obtained by 
calcining limestone or dolomite. The process is simple, 
consisting of burning or calcining limestone in a 

wOtary or vertical kiine Jthe vertical kalnwis.also.known 


as a shaft kiln. 


Apart, trom the use of Sshatt kilns, not used by the cement 
industry, calcining of limestone is very similar to the 


production of cement clinker in a dry kiln. The major 
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PRODUCTION PROCESS 
iM4E 


RAW 
MATERIALS — LIMESTONE 


CRUSHING 


ROTARY KILN 
—————— 


Ot GAS COAL 


VERTICAL KILN 


CRUSHING 


RiN DSi 
PRODUCT 


— QUICKLIME 
— HYDRATED LIME 
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difference here is that there is no need for the raw 


Grincinge Of wlimnes COnceUidoteetOncarcining an ‘thevki1in. 


Rotary Kilns 


ThieesrOtary. lime Kline 1S wer, silt larm.<oca, cement-Wi In. 
Limestone, crushed to a size in the order of 1-3/4 inches 
by 1/2 inch is burned much like cement. Lime can absorb 
sulphur from the kiln fuel. If the final product speci- 
fications call for a low sulphur lime, then either a low 
Sulphur fuel or a low sulphur limestone has to be used. 
Logically, it is the sulphur content of the limestone 


that controls the type of fuel that can be used. 


Shactesi ins 


A shaft kiln is a vertical furnace much like a blast fur- 
nace in which reducing gases are fired from below and the 
limestone is fed from above. The size of limestone fed 
Tite thuseke ines savargersthan tor rotary.kiilns,. being. in 
the order of 4-1/2 inches by 2 inches. Use of smaller 
limestone is prevented mainly by draft considerations. 
Shaft kilns are normally more energy-efficient when com- 
pared to rotary kilns, however, sulphur pick-up in shaft 


Kiins PS"creater- thane me loOcers ka ias. 


3.11.4 - Energy Consumption 


Energy represents more than 50 per cent of this indus- 
try's operating costs. Kiln fossil fuel consumption 
varies substantially inthis industry. ‘The present 


average is in the range of 4 to 5 million Btu per ton. 


Here kiln design is of major importance. 
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Although the fuel consumption per fon Of product is some— 
what higher in the. rotary kiln, both in terms of fossil 
fuels and the need for motor drives, and there 1s gener-— 
ally higher capital investmentmerecuiredstor agrOcary, Dy 
far the greatest percentage of product is handled in this 
type of kiln... .The advantages are: the utilization vof alt 
Sizes of limestone; better control of feed and temperature; 
and greater production per man-hour due to a higher pro- 


duction rate per units than shaft kilns.! 


3. bes B= The sluture gout look 
Technology 


Presently there are on the market kilns with preheaters 
that can produce lime using only approximately 3.2 million 
Btu Of fossal’ fuels per ton (aesaving CLlesomemcoe peLrecent). 
No detailed information was available on these kilns. 
However, they are included here and in the model as a 
probable future technology. The costs of this new equip- 
ment are so high that the industry cannot arbitrarily 
install it. There are also conflicting views concerning 
Sulphur pick-up by various kilns. Views of industry 
spokesmen vary substantially on this subject and obviously 


reflect their operating experience. 


A gradual shift of the steel industry to greater use of 
the BOF process at the expense of the open hearth will 
retain the market domination of the rotary kilns. This 
is because the BOF process requires the low sulphur lime 


produced in rotary kilns. 


Electrical needs of "this @=industry primarily Sfoimpmoto: 
drives, are estimated at 30 kwh per ton when a rotary kiln 


is used in the heating process. 


1 The Conference Board, 


Energy Consumption in Manufacturing. 
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Conservation 


On the surface there appears to be a substantial poten- 
tial for reducing unit energy consumption in this industry. 
A closer examination reveals, however, that the require- 
ments for low sulphur lime in BOF steelmaking which is 
best produced in the relatively heavy energy-using rotary 
kiin will place some constraint on achievable energy con- 
servation. Reliable information on future energy avail- 
ability is also necessary before significant investment 
aimed at reducing energy use can be considered. Finally, 
the high cost of modernization is a valid deterrent. Thus 
a realistic examination of long-term energy use trends 
indicate that it is probable that unit energy efficiency 
will be improved by 10 per cent between 1973 and 1980 with 
present equipment and a further 10 per cent reduction by 


1990 with some new investment. 


SA I6 — sindustry, Model 


Lime industry processes are essentially the same as those 
of the cement industry: crushing and heating. As men- 
tioned above, three types of kilns are possible in the 
heating component, vertical and rotary with and without 
preheaters. Any of the three fossil fuels can be used 
depending on the sulphur content of the raw materials. 


The processes, therefore, are ten: 


Crashing, 
Vertical Kiin= (coal, tong, Orv gas-rired), 


Rotary Kiin= (Coals ori4or=oas—Laredy9 


Rotary kiln with preheater (coal, oil or 
gas-fired). 


— 2 60E= 


Total production of lime, in tons, was available on a 
provincial basis from Statistics Canada. No precise data 
was obtained, however, for the output by each of the two 
major processes for the vertical and rotary kilns. each 
cussions with the industry revealed that the appropriate 
split would be 10 per cent vertical and 90 per cent 
rotary. There appear to be no rotary kilns Currently” in 
operation that are equipped with preheaters. Current 
capacity was estimated only in approximate terms in these 
discussions as 140,000 tons per year for the vertical kiln 


and 1.25 million tons for the rotary Kiln. 


The major markets for lime are in the iron and steel, and 
the pulp and paper industries. Over 45 per cent of the 
total Canadian lime production went to these two indus- 
tries in 1973.1 The independent variables in the forecast 
are the total Ontario production of chemical wood pulp and 
the total Ontario production of steel ingots and castings, 


both expressed in tons (sections 3.10 and Siena. ee 


Total lime production is therefore forecast as: 


(21 fom) ae eee Q. = 746,792 + 0.08 (PULPC) + 0.02 (STEEL) 

Nine heating processes were identified (based on three 
fuels and three kiln designs) but no energy consumption 
information was. obtained in the survey. Based on the lit- 
erature and total consumption data, the proportion of 
output by process was estimated and the unit energy re- 
quirement computed. Vertical or sShatt kilns are slightly 
more efficient because they handle much smaller capacities 
of limestone and the smaller surface area per unit of 


weight of the larger limestone feed to Ens eOrelurnace. 


1 Statistics Canada. 
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Data was not available that would indicate significant 
differences in per unit energy consumption by type of 
fuel, thus until better information is available, all 
three fossil fuels are assumed equally efficient. It was 
also necessary to postulate the type of fuel consumed by 
kiln type in the absence of an inventory of kilns. The 
current provincial distribution was used: natural gas 
(70290 fuel ols vGy2)F and coal *0l3%)" "Based on ‘this “data 


the following proportions of production are assumed (1976): 


| Natural 

Fuel Oil Gas Coal Total 

(3) (%) (3) (3) 
Vertical eas Ora) 7-O0(Po) eo s\ ah) 10.0 
Rotary JS SU Gen? 63. 0( pp )e stp.) 50.0 
Rotary (pre- 

faery 0.0(p-) 0.0(p,) 0.0(pag) 0.0 
Total ed sa) TOAD) Me TOG 
Sache NE ES Pie il A ced Ltt li ASD Ra TOS SCA al tn ie i apa aR DY RRR AEE | 
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GE es oak Sa 2G eye ae S15) Q, 


= tons of lime from vertical. oil-fired kilns. 
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=“tons of lime from vertical gas-fired kilns. 
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= "tons Of) .ime trom vertica.L coal-fired Klins 


Ceo) eee, a 
= tons of lime from rotary oil-fired kilns. 


(11.6) ..- dg = Ps Q, 


= tons of lime from rotary gas-fired kilns. 
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coal-fired kins. 


oil-fired kilns 


gas-fired kilns 


coal-fired kilns 


The per unit energy requirement for fossil fuels in the 


rotary kiln with preheater is set at the estimate of 3.2 


mitivon Btu discussed insect on so. 2.4. 


The same elec- 


trical requirement for kilns with and without preheaters 


was used. 
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VARIABLES IN OUTPUT FORECASTING EQUATION 


Dependent 

Yeax Variable Independent Variables 

(t) (Q,) LEUGPEC) (STEEL) 
1964 i, 0 age oo A 2 971292 TES alg 2. SL 
G5 P32 Puge DPT SY, 607 ee Rolo ee es) 
1966 OSs 320 2704270 16 8,453,480 
1967 974,458 27 847629 Bipot BAS 1 
1968 VV OLS 722 2b sy 'G106 PAGO, 741 
omens) LP PpeZ9 p274 2pZo0gL SE PIO, 199 
ES 7G Py Loses 1 Peon Po a4 FO: AZO A43 3 
oa) Pio y.,.053 Pip Mle s 3 4 sy) POF C10, 206 
JES lee. p20 S/ 9S 27 G40), 2.489 TO eL63 ,167 
LOWS Isf2 3.613 82 27O45: 7324 L270 407G09 


Ls) (LOtal OneaGlovOuLDUL Ofelimey et ons, 
Source: Statistics Canada 26-201 


where, QO, 


PULPC is total tons of wood pulp produced in the 
chemical (sulphite and sulphate) processes. 
Estimated in section 3.14 


STEBLEISitotal tons ofgsteel ingots and castings 
Produced in Ontario, section 3.10 and 
Statistics, Canada’ 41-203. 
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PER UNIT ENERGY REQUIREMENTS 
LIME 


(Btu x 10 /unit) ? 


Energy Form 
Production Process Fuel Natural 


(variable) ‘enul a Gas Coal © 
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Crushing (O, 


Vertical Kiln: 


Opl—-tired » (qy 4.36 - - 
gas-fired (q2) = 4.36 ~ 
coal-fired (q3) = = 4.36 


ROrary akin: 


@agike saat Yel “A ogy } 4.74 ~ - 
Gas=Dire descr) = 4.74 ~ 
coal-fired = (G-)) = = 4.74 
ROvaryeki Lim with 
Preheater: 
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Smelting and Refining 


3.12.1 - Industry Overview - Energy Use 


This classification includes firms producing a list of 
basic commodities ranging from lead to gold. Most oper- 
ations include more than one product with the result 
that little data is available for individual commodities. 
The production of this sector:is concentrated, in terms 
Ofethe value of production, in. three products; nickel, 
copper and zinc. These three accounted for some 68 per 
Centuor the productionavalue -Eromethesindustzry..in.1L9 73: 
Energy consumption in this sector in 1973 was 66.8 x 10!2 
Btu, which represents 8.1 per cent of the total indus- 
trial energy usage in that year. The mining segment of 
this classification consumed 32.4 x 10!2 Btu of the 
energy while the smelting and refining segment consumed 
the remaining 34.4 x 1012 Btu. The energy forms are 


Summarized below: 


Mining & Smelting & 
Milling Refining 
(3) (3) 
Coal AAD) 2 e 
Fuel oil? 2084 Be 
Natural gas Bue 8 AS 
Electricity B6Cy/ 16.9 
Other? aol. Ose 
100.0 100.0 


Nickel ss5 /4emi bitoni 336d) Copper -5365 *milivon™@ (2174 
Zine? S22 0S mitts one 127 3)4 
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Diesel oil, kerosene, light fuel oil and heavy fuel oil. 


Includes gasoline. 
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3.12.2 - Production Process 


The treatment of the crude rock to produce a refined con- 
sumer product is divided roughly into four operations: 
Mining, milling, smeLeingwaig etl tiG mmebaci@wo cum Lice rOouL 
is in itself the combination of a variety of processes. 
The process mix is defined by the type of mine, the con- 
centration of the desired product at the mine, the trans- 
port costs from processing Site to processing site, the 
number of products/by-products to be produced and a myriad 


Of Other Lactors: 


Mining involves the removal of the ore from the ground 

and its transportation tothe surface and sthne =m 1 Mecate. 
Electricity is used for light, and much of the underground 
motive power as well as ventilation. Other energy forms 
used are gasoline and diesel fuel for surface and some 
underground transportation and fuel oil and natural gas 


for heat, boiler fuel and electrical generation. 


The remaining steps of the production process are described 
in terms of the three primary outputs of the industry: 
nickel, copper and zinc. The milling operation is essen- 
tially a mechanical, physical and surface chemical opera- 


trons 


In the milling operation the ore is crushed then ground 
into a Line, powder and thescopper,, nickel and szinc con 
centrate is separated by the flotation process. Elec- 
tricity is the primary energy form in the operation being 
used for both crushing, andspinping. | Hoss. suelsSearc 
consumed for heat and for electric generation. The con- 
centrate derived from this operation is shipped to the 
smelter for further processing. The copper concentrate 


is 20 to 300per canta Cu, ether cheers 0M Ome UN Lacie 


the zinc is 50 per cent Zn. The moisture content is 


in sthes orden Of 6b CO 3c per cen. 


The remaining two operations, smelting and refining, 
involve basic physical and chemical changes in the inout 
materials. Smelting generally consists of three steps; 
roasting, smelting, and converting. Each will be dealt 


with separately. 


Two types of roasting furnace are in common use. The 
multi-hearth roaster consists of a series of superimposed 
circular hearths. The concentrate is introduced at the 
top hearth and raked slowly from there to the lower 
hearths. As the concentrate passes downward, it is 
gradually heated by the rising hot gas from the roasting 
that is taking place below. Finally the iron sulpnides 
in the feed reach their ignition temperature and start 

to burn. The roasting process is exothermic requiring 


no external fuel sources. 


The fluid bed roaster is a vertical chamber into which 
the concentrate and an oxygen bearing gas, usually air, 
are blown. As the concentrate is fed to the furnace 

the air is injected at a sufficient velocity to hold the 
particles in suspension. Since each sulphide particle 
is in constant turbulent motion in the furnace atmos- 
phere, roasting is uniform and rapid, with efficient 


heat transfer and high oxygen utilization. 


The roasting phase of the production process is to 
oxidize the iron in the ore and retain the copper/nickel 
values as a sulphide. The output of the roaster is 
called calcine. Smelting is a thermal treatment of the 
ore concentrates to melt them to bring about chances 


that enable recovery of the metals. The aim is to 
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segregate the wanted constituents in a matte and reject 
the unwanted ina slag. Three types of furnace are 
commonly used in this phase: reverberatory, electric 
and flash. 


In the reverberatory furnace, fossil fuel -- pulverized 
coal or fuel oil -- is burned separately from the 
material being smelted. Fuel oil is preferred to natural 
gas because of greater flame luminosity and better heat 
transfer. The calcine from the roasters is fed to the 
furnace through pipes in the furnace roof. As the 
calcine melts the matte settles and slag flows toward 

the tapping end of the furnace, opposite the burners, 


where it is removed. 


The matte is tapped from a second port in the furnace 


and sent to the converter. 


When employed in the smelting operation the electric 
Furnace #.s Operated on the ps submerged” arc’ prancipie™. 
Electrodes in contact with the slag layer of the bath 
form a circuit with the slag. The heat generated by 
the slag's resistence to the current produces the 
smelting temperatures. The calcine from the roaster is 
fed through the roof of the furnace forming a layer 
over the already molten slag. As the new feed melts 

it separates into the slag and matte layers. The slag 


and matte are tapped intermittently as required. 


In the flash furnace a sulphide ore concentrate is 
flash smelted by burning some of its sulphur and iron 
content while the concentrate is suspended in the 
oxidizing medium, in much the same manner as pulverized 


coal is burned. The concentrate and a flux material 
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are injected, with commercial oxygen or preheated air, 
into a furnace. The smelting temperature is obtained by 
the "flash" combustion of the iron and sulphur. The con- 
centrate is made to roast and smelt itself in a single 


strongly exothermic reaction. 


The output from each of the three smelting operations is 
the same. The nickel circuit produces a matte which is 
45 per cent nickel and 30 per cent copper, the copper 
circuit produces a matte which is 40 to 50 per cent 


copper. 


Fluid bed roasters are used in conjunction with electric 
furnaces, and the multi-hearth roaster is usually used 
in conjunction with a reverberatory furnace. The flash 


furnace is used alone. 


Nickel, copper, precious metals and most of the sulphur 
that was combined with them remain in the matte. The 
converting procedure is to blow air through the molten 
matte, the air's oxygen combining with the iron and 
sulphur to form iron oxides and sulphur dioxides. The 
sulphur dioxide passes off as a gas, and the iron oxide 
unites with added silica flux to form iron silicate slag. 
The oxidation takes place in the molten matte ina 
highly exothermic reaction that liberates enough heat to 
maintain molten conditions. The result of the operation 
is 98 per cent pure copper or 75 per cent nickel 
depending on the circuit. Before the 75 per cent level 
of nickel concentration is achieved the copper-nickel 
matte from the nickel circuit is cooled, crushed and 
subjected to another flotation and roast operation to 
separate the two metals. The separated copper is trans- 
ferred to the copper circuit while the nickel goes to the 


refining stage of the nickel circuit. 


=e a 


PRODUCTION PROCESS 
MINING, MILLING, SMELTING AND REFINING 


ZEN GACT RCW Int: ORE 


MILLING 


CONCENTRATOR 


€50% ZN) 


| LEACH 


Gil Os sZND 


EVE CRRORYaErES 
REFINING 


ZINC (99.99% ZN) 


- 173 - 


In the final process the matte is melted in a reverber- 
atory furnace and cast into anodes. These are placed in 
an electrolytic solution and a current is passed between 
it and a refined starting cathode. As the current flows 
through the cell, the metal from the anode dissolves in 
the adjacent electrolyte -- the anolyte. This solution 
is pumped from the cell, impurities removed chemically, 
and the purified electrolyte is returned to the cell as 
catholyte -- the electrolyte adjacent to the cathode. 
The dissolved metal from the catholyte is then deposited 
on the cathode. The result is a cathode which is either 
9979 per’ cent’ pure nickel or 99/5 per cent pure copper 


depending on the circuit. 


TMhie PZInGCwcrrculteinvolves tour ‘steps: milling roasting, 
leaching and electrolytic refining. All but the leaching 
process are the same as in the copper or the nickel 
circuits? Cin the vleaching orocess (the zinc -calcine ws 
dissolved in a hot acid (100°C) to remove the zinc 

oxides and ferrites. The slurry produced is then purified 
and pumped into the electrolytic cells where the zinc is 
plated out. The energy form required for this circuit is 
electricity for pumping and for electrolysis. Natural 
gas and other fossil fuels are used in the leaching 
process to heat both the ore and the liquid. In addi- 
tion to their use in the smelting phase of zinc produc- 
tion, leaching tanks are often used as concentrators in 


the milling operation. 


a a 


3.2. oc) -— ThesFucure -Ourclook 


Markets and Resources 


The long-term outlook for baSic mineral raw materials 
from Ontario depends on world-wide economic conditions, 
the resources available in the province and competing 
resources available elsewhere. All that can be sensibly 
Said is that if the resources exist and can be processed 
at competitive prices, the mining industry will continue 
aS a major factor in Ontario industry. To foresee levels 
of production, future discoveries, and new technologies 
that affect these developments, however, is virtually 
impossible. Basically, the long-term will be assumed to 
be a continuation of past trends, limited by resource 


constraints where they are obvious. 


Technology 


Few energy-related technological changes can be found in 
this sector. The major observed change involves the 
phasing out of the blast furnace and the related sinter- 
ing operations in the nickel industry. Blast furnaces 
were used to smelt directly the high grade ore found in 
the Sudbury region. As this ore is depleted there is less 
need for the blast furnaces. In order to maintain a high 
throughput, the concentrate from the lower grade ore mines 
was charged to the furnaces. The blast furnace, however, 
cannot accept the fine powder from the normal milling 
Operations of this ore. Therefore, it was necessary to 
agglomerate the powder into larger chunks using a sinter- 
ing machine. As the blast furnaces are phased out they 
are being replaced by the reverberatory, electric and 
flash furnaces, thus reducing coal/coke usage and increas- 


ing electricity inputs. 


a Bhs) 


A new process for the continuous smelting and convert- 
ing of copper concentrates has been developed by Noranda 
Mines Limited. A pilot plant was constructed in 1968 
with a deSign capacity of 100 tons of concentrates per 
day, and within five years, enough data had been col- 
lected to design, build and start up a commercial size 
MiLCoCeapeple won treating, upstoel.,500 tons .f 1concentrate 


per day, when oxygen-enriched air is used. 


The Noranda process has a number of advantages over the 
conventional method of smelting copper concentrate (the 
use of a reverberatory furnace and converters). One of 
the major advantages is a substantial reduction in the 
total energy required to produce copper and especially 

in the requirements of fossil fuels. This is due mainly 
to the fact that the heat produced during the oxidation 
of sulphides is used within the same vessel to help smelt 
the concentrates, unlike the conventional smelter where 
separate vessels are used for the oxidation and smelting 


stages. 


The Noranda process requires nearly 700 kwh per ton of 
anode copper of additional purchased electrical energy 
because of the need for an oxygen plant and a slag con- 
verter. However, the fossil fuel requirements per ton 
of anode copper drop from approximately 19 x 10© Btu per 


ton to the 4 x 10° Btu level. 


No smelters uSing the Noranda process are currently 


operating in Ontario. 


The current 1975 grade of ore being mined by the largest 
producer of nickel and copper -- Inco -- averages 1.40 


per cent nickel and 0.92 per cent copper. This compares 


wins AS ee 


£0713 9F perscenteandeUmo (moc necen Terror anicke) sandmecoppes: 
respectively in 1974.! Ontario's largest producer of zinc 
-- Ecstall Mining Ltd. -- reported an average ore grade 
OLE. 78" per Cent ZiInCweine y/o peCOMpaLe Cs lLOm. Olam Liem Le— 


vious year. * 


Reserves of nickel/copper bearing ores in Canada are 
estimated at 415 million short tons of grade 1.61 per cent 
nickel and 1.04 copper. These are the proven reserves 

for Inco alone. Current ore consumption for the company 
1S in the order of 21 million tens per year. ~AtL the end 
of 1973 Ecstall reported ore reserves of 75 million tons 
Grading 4.6 per cent Zinc ands 205ml tone lomscec. adrlng 95.0 
mer cent Zine. Current company consumptronm (L797 seers 3.6 


million tons annually. 


Other reserves of equal or better ore grade are known to 


exLst in Ontario. 


Conservation 


As in most other industries, the emphasis for energy con- 
servation has been in the area of housekeeping measures 
and the recovery of waste heat. Potential also exists in 
this industry for on-site generation of electricity as 
there is a demand in the processes for both vast quanti- 
tves#or electricity and process heat. Unfortunately, 

this demand for heat in general is not in the form of 
steam. This fact may well=limicethe potential for on-site 
generation. Statistics Canada reported figures for on- 


Site electrical generation in the mineral industries until 


1 The International Nickel Company of Canada, 
1975 Annual Report. 


2 EM&R, Canada (Minerals Division), Canadian Minerals 
Yearbook, 1973. 
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L972 Wine tnateyeare ontye”.05eper cent ormtotaliselectric- 
ity demand in the mining operations of these industries 
in Ontario was generated on-site. The smelting and re- 


fining operations are listed as generating no electricity. 


The survey indicated that there is little possibility for 
fuel substitution in this industry at the smelting and 
refining stage. Substitution was only suggested in the 
generation of steam. No indication cf substitution 


between fossil fuels was obtained at the mining stage. 


3.12.4 = industry Mode 


For purposes of this study, energy consumption has been 
associated with the three metals accounting for most of 
the Wad ies Ofsaproduction:snicke l.copper and.zanc. The 


processes identified in this industry are: 


@® Mining of ore, 
@ Milling of ore, 


e Electric furnace smelting of nickel and 
copper, 


@ Reverberatory furnace smelting of nickel 
and copper, 


Flash furnace smelting of nickel and copper, 
Leaching-of zinc, 

Electrolytic refining of nickel, 
Electrolytic refining of copper, 


Elvectrolyticr¥retining, of Zinc, 


Other operations. 


As was mentioned earlier, the energy consumption data 


used in this sector from Statistics Canada is based on 


ce Aceh vie 


consumption in two sectors: mining and smelting and re- 
fining...» Thaticonsumedsanwtne milling. processaisesplat 
arbitrarily between the two sectors. Thus, if an estab- 
lishment is primarily engaged in the extraction of ores 
and does some milling in the process, the energy for all 
processes in the establishment would all be in the mining. 
If the establishment were primarily engaged in smelting, 
the energy expended in the milling process would be 
assigned to the smelting and refining sector. For this 
reason the total energy consumption figures derived for 
the mining sector of this model will not necessarily 
match those in Statistics Canada's review of the mineral 


industries. 


Provincial output, of various mineral products 1s readily 
available from Statistics Canada. Data does not, how- 
ever, exist for the various phases of production, i.e. 
ore, concentrate, matte, finished product, nor are the 


methods of production listed. 


For the purposes of this study, we have concentrated on 
the three major mineral products produced in the province: 
nickel, copper and zinc. These three account for 68 per 


cent of the value of production 1m this, industry,. 


The output, data of each is related to the general economic 
activity in the major export market, namely the United 
States, as expressed by the American Gross National Pro- 


duct’ in millions orecons tant et oor coma no. 
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These total output figures represent the metal content 
in shipments of both refined and unrefined products. 
The refined portion is isolated by using a figure re- 


flecting the historical proportion of refined to total 


production: 
(220 )o seefon =. yn, 'Onit=! ourtpiit sot Preianedi nickel A099'/9%) 
(pote . ee OCR CRO Cae OutonU lo hirer ined vcopper V99R53) 


CEG) Cee ay 2 EOCe-BOUtCDUt Ol rerinen zinc» (9972:99%) 


where the historical national values of 
Vo yYCeanuUs) 2. are: 


Year Nickel Copper Zinc 
(yn) (yc) (yz) 
1964 O59) OA 338 0.493 
1965 0.556 0.855 0.436 
1966 Qu432 0.856 023897 
1967 0.553 0.815 0.365 
1968 0.523 0.828 0.368 
1969 0.545 0.784 0.386 
1970 0.539 0.808 0.364 
1971 0.455 0.730 02829 
1972 0.506 0.689 02-4223 
1973 0.557 0.610 Opec yl 


Source: Canadian Minerals Yearbook, 1973. 


The figures for copper have decreased sharply over the 
10-year period due to an increased demand for copper ore 
and matte in the export market. Thus, while the produc- 
tion and export of refined copper has leveled off in the 
Das crtnree Vearss (197-1973) ,eeieeracio Of refined to 
total production has dropped. 


The difference between the total output and the refined 
output is the total shipments of each metal in the matte 


form. For purposes of this model, all shipments which 


ar) Migs tOh oe 


are not in refined form are assumed to be in matte. 

For example, if total output, as specified in equation 
(12.1), G1202) or (12 3) asm O00) 000 (ton smandethamiati.s 

of refined to total production Cy.) Was, 0,60, stotal, ship— 
ments of refined metal (at say 99.9%) would be 60,000 

tons and the remainder of 40,000 tons would represent 
shipments of recovered metal in matte. If matte contained 
45, Per, cent smetal,e the fotalstons otemattemrequiced to 
Supply the 100,000 tons of metal is computed as (.999/.45) 
x) 10070007 = 2227 C00"tons:. 


A summary table of the concentration of metal to total 
Output by weight at each stage of production is as 


follows: } 


Concen- : 
Ore trate Matte Re fined 
(3) (3) (3) (3) 
Nickel 1.4* (p,) 10-20(p,) 45 (peer 09.9 (py) 
Copper 0.927(ps) 20-30(ps) 40-50(p7) 99-5 (Pg) 
Leach 
Zing Genie se Go 50s (pws eae O (Dian 99:09 91D yn 


Total output of matte for each metal as therefore: 


CUO], Vo eketemeel itn (Py /P, ) <<. One 
tons of matte containing nickel. 


1 Boldt, The Winning of Nickel, 
Taggert, Handbook of Mineral Dressing, Ores and 
Industrial Minerals, 
EM&R, Canadian Minerals Yearbook, 1973. 


2 Inco averages. 


3 Ecstall Mining Ltd. average. 
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tons of matte containing copper. 


Toca llOuLDULyOL sacOMCcentrare fOr nickel and copper is 
based upon the ratio of the percentage concentration of 
metal in the matte to that in the concentrate. As no 
zinc matte is produced, zinc concentrate is computed from 
the relationship of total production to refined produc- 


ELor: 


Coe oe OlCe= (pale) oe monm 


= tons of concentrate containing nickel 


gee. Open CCE (7 ey ore OC 


= tons of concentrate containing copper 


ge ay A at a as Fe Ze = (P12/Pi0) so80 7% 


Sais SO LRCONCENLTaterrcOoNtal ming  Zlacr. 


There are three basic types of furnaces used in the smelt- 
LngeOL ULCKelw ald copper... - lhe total production o1 nickel 
and copper concentrate has been apportioned among the 
furnaces based upon available data as to the capacities 

of each type in the province. These capacities were 
estimated from Boldt, The Winning of Nickel and Statistics 


Canada in terms of the tons of concentrate input per 


year. |! 
Electric Reverberatory Flash 
Nickel Tor OU0 3,800,000 0 
(Dries 6 21 Se elphio es c83)- 93) ofpns = 0,103) 
Copper 600,000 4,000,000 BSC ,uuG 
(pCi= lates (pee lt7 Sit) .al (post S10. 62) 


Assuming that all operations are running at the same 
proportion of capacity and that Falconbridge has re- 
placed its blast furnace with equal electric capacity. 


ee ae 


Production by furnace type is assigned based upon these 
proportions and the total input of concentrate as follows: 


ae) aoc qq SS pny Onc or PCy Gele 
= tons of concentrate charged to electric 
furnaces 
(al 2°53 Woes. too esp iomeOn Cae AD Com CG 


= tons of concentrate charged to rever- 
beratory furnaces 


(12 4) 2 3 PN ONC Bpeip camer 


= tons of concentrate charged to flash 
furnaces 


The output of the mining process is based on the assump- 
tion that the ore required to satisfy nickel and zinc 
production will serve as a proxy for total ore mined for 
all minerals. (Nickel and copper are extracted from the 
Same mine output). The ore requirement is computed from 
the ratios of metal contained in the concentrate to ore 


grade for the two metals. 
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tons Cf orermined® fonen 1 cKel@ana zine. 


This figure is also used as the measure of production of 


the milling process. 


Other operations in the sector are deemed to be reflected 
in the total tons of ore mined as computed above. This 

would include the processing of all other products of the 
sector. .The mining of these other products is assumed to 


be included in the imining process. 
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A major component of these two general processes is the 
mining and pelletizing of iron ore. This process was not 
included explicitly as there was insufficient process 
information to do so. The following facts were available.! 
Approximately 1.25 to 1.35 tons of iron ore pellets are 
required to produce one ton of pig iron in a blast fur- 
nace. Approximately 80 per cent of the Canadian blast 
furnace iron ore feed is in the form of pellets. Pellets 
contain 66 to.6/ per cent-iron. 4~Ontariosironscre produc- 
tion consisted of 73 per cent pellets, 18 per cent sinter, 
8 per cent concentrate and 1 per cent direct ore. Approx- 
imately 60 per cent of this production was consumed with- 
in the province, the remainder was exported. Iron ore 
from other provinces was shipped to Ontario to satisfy 


total provincial demand in the steel industry. 


Energy requirements for the mining and processing of 
ProOneOLce (Pol LecicinGg se OGOdUCEZON OL. SInter, tC.) con 
sumed si mit tcOn ecu per ton. Of contained. trons, nas irs 
a Canada-Wide average and comprises 0.07 per cent coal, 
16.9 per cent natural gas, 60.7 per cent fuel oil and 


D2. Alper centrelectra city 


1 EM&R, Canada (Minerals Division), 
Canadian Minerals Yearbook, 1973. 


2 Statistics Canada, General Review of the 
Miperan  ndousteles, te b=20T Pao 7 3. 
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the units used to measure the output by 


process and the associated variables are: 


Process 
Mining 
Milling 
Smelting 
Leaching 
Refining 


Other 


OlmEpDUswaeons, 


OZe 

Oxe 

CONncCetrilare 
Refined product 
Refined product 


Ore 


Ni Ci zn Total 
Onc! Qec! - - 


The per unit energy requirements were based on the survey 


and tien teratrure. 


Data for mining were derived from 


total Statistics Canada data for the sector divided by the 


computed output measure. 


This overestimates energy con- 


sumption as it includes energy for many milling operations. 


The figures for other operations were computed as that 


data required to balance the model to total energy consump- 
ti Ofte oy. 


: Distributed by furnace type: 
to electric furnaceswitgda, 


and flash furnaces is q3. 


tons of concentrate charged 
reverberatory furnaces in q») 


— Le 
TABLE 3.12a 


VARIABLES IN OUTPUT FORECASTING EQUATION 


Independent 
eae Dependent Variables Variable 
(t) (Qn) (Qc) (QZ) (USGNP ) 
1964 162,094 NS aM lse gl ep OG biB.07 0:00 
L965 MAST Rp Par oS) LEC gh le 60,675 617,200 
1966 160,214 PLN Ps poh 827,395 647,800 
196¥/ BORO MONS 276,146 Molsyiale 6 155200 
19°68 207147 29 Or Galo 346,758 207 200 
1969 MVS terse 23.0 .oue0 3007260 725 7600 
E970 224A 7250 295, 092 340,242 Cae aay) 
Nae CNS A is BO 20 3605 0725 746,300 
Se 189,428 2) eS 40377391 he Sa) 
Be Se a 196,647 eae Prey hs: 456,365 8397, 200 


where, On is, total provincial output of nickel in, tons. 
includes refined nickel, nickel in matte, 
oxides and salts and recoverable nickel in 
concentrates ~(Statistics Canada 26-201), 


Ocris stOtcal= provincral- Output OL copper on, tons, 
includes copper in matte, refined copper and 
contents of blister copper “(Statistics 
Canada 26-201), 


Ov Sis (totale provincial outputeoL Zinc seyytons, 
includes refined zinc and recoverable zinc in 
ores (Statistics Canada 26-201), 


USGNP is United States Gross National Product in 
Ma ONncwOLrecoens tants yoo OOLlacs, 


ha 8-6) F— 
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PER UNIT ENERGY REQUIREMENTS 
MINING, MILLING, SMELTING AND REFINING 


(Btu x 10°/unit) ! 


Energy) Form 


Production Process Hvigo oy ekeeactl oe Ree 
(variable) OL Gas Coal Cerys 
Mining (Qm) 9. 1b Ole - 0.49° 
Milling (Qm) - - = Ores 
Smelting: 

electric ay) = = = hadi 

reverberatory (q,) BG - Susi - 

flash (ae) - - - OR ae 
Leaching (qz) - = ” quae 
Refining: 

mocked) tan) - ~ - 1h oe 

copper (qc) | — = = Lede 

PAINC (or) - - _ ihtheg® i 
Other operations (Qm) 0.025 0.94° ones? Cyne 


Units are tons as discussed in text. 
Acres’ survey. 

ASK Wit COneO tae com 

-25 ton of oxygen per ton Of concentrate. 


Balance to 1973 Statistics Canada energy data. 
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3.13.1 - Industry Overview - Energy Use 


During 1973 Ontario refineries processed 150 million 
Garretceoe clude Gils 9in that year che industry consumed 
6.8 x 10/2 Btu of purchased energy. This represents less 
than one per cent of the total industrial purchased energy 
consumption. In addition to this energy, however, the 
industry consumed 60.7 x 1012 Btu of its own end products. 
Statistics Canada data (45-004) reveals that 7.2 per cent 
of the Btu content of the crude oil throughput was uti- 


lized for processing. 


Purchased fuel data indicates that half of the. Fuel is 


natural gas and the other half is electricity. 


Soa3620-nindustry Overviews — 

Capacity and Markets 
Ontario's seven operating refineries had in 1975 a com- 
bined capacity of 540,300 barrels per calendar day (bpecd) .? 
The imminent completion of two new refineries will add 
265,000. bpocdy to.thesabove fagure. Industry sources believe 
that no major additions to refining capacity will be re- 
quired for the next 10 years. This capacity is summarized 


pelow.- 


toys Siqure-{Seae2 Mii on barrels; 

: Statistics Canada 45-004. 

2 EM&R, Canada (Mineral Development Sector), 
Operator s bist ss. 


All flow rates are barrels per calendar day unless 
Otherwise stated. 
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Crude Oil Capacity 


Refinery - Location (bb1/day) 
BP - Oakville 76,000 
Gulf - Clarkson 719,41.00 
Imperial - Sarnia LPR ONe) 
Texaco =—EPOrteerediit 48,000 
Shell - Oakville 44,000 
Shell - Corunna 80,000 
Sun Oil =. Sarmia 85,500 
POuad eos oon cy 540,300 
Texaco - Nanticoke (1978) 95,000 
Petrosar - Sarnia (1977) 17.0'7600 
Total - planned 2007000 
TOTAL 805,300 


The substantial refinery capacity that exists in Quebec 
and the Maritimes will also decrease any possibility of 
further Ontario refinery expansions within the next 
decade. A major unknown is the future growth rate in 
demand for petroleum products. The effect of government 
Oil pricing policies on demand growth cannot be accurately 
assessed at this time. 


In general, the market area for Ontario refineries is 
within provincial boundaries (excluding Ottawa Valley). 
There are in-flows and out-flows of product depending 
on the season and local demand factors but basically 


activity is tied to the provincial economy. 
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3.13.3 - Production Process 


An oil refinery is both a complex distillation anda 
chemical conversion facility in which petroleum mole- 
cules are modified and recombined. In the distillation 
process the crude oil is heated so that various frac- 
tions are progressively evaporated. The resulting 
vapours, drawn off and condensed, form the lighter pe- 
troleum fractions such as gasoline, kerosene and heating 
Oil. Heavier fractions for lubricating oil and residual 
fuel oils are also evaporated under vacuum conditions, 


leaving only pitch. 


To increase the yield of gasoline blending components 
heavier fractions may be converted by means of either a 
thermal or catalytic process. In these processes, 
heavier components of crude oil are subjected to high 
temperatures and pressures which split and recombine 


the hydrocarbon molecules. 


Processes such as hydrogenation, reforming, polymeriza- 
tion, and alkylation modify the chemical structure of 
the petroleum molecules producing gasoline and other 
substances which have not only the desired physical 
properties (notably boiling point for gasoline and vis- 
cosity for heating oil), but also desirable chemical 
properties (notably high anti-knock rating and lack of 


gum forming tendencies for all fuels). 


Of some 2,000 individual products produced by refineries, 
about 1,500 are in the lubricants category, including 
Oils and greases. Only two Ontario refineries have lube 


plants. 
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In the final analysis, product requirements and crude 
Oil characteristics determine the actual chain of 
processes employed by a refinery at a given point in 


time. 
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Total energy consumption in this industry is closely re- 
lated to a refinery's operating levels. A refinery that 
operates close to its design capacity requires less 
energy per unit of output than one operating at 70 per 
cent of capacity. Reducing the operating ratio from 90 
tonm7Oe per cent? can, according to iandustry sources; in- 
crease a refinery's process energy requirements by some 
vEeper,. Cent, Of throughput. in this regard the fixed fuel 
load, that fuel consumed regardless of throughput, be- 
comes a Significant factor when the throughput is reduced. 
Imperial Oil estimates that when their refinery is run- 
ning at 72 per cent of capacity, the fixed load comprises 
37 per cent of all energy consumed. If the plant were 
run at 100 per cent capacity, the fixed load drops to 30 


per cent of energy consumed. 


The quality of the crude oil to be refined does affect 
process energy use as does the product mix of the refin- 
ery. Since the product mix can and does change from 
season to season and no two refineries operate exactly 
the same, only average energy consumption can be used 


for purposes of this study. 


loa 


Unit process energy use in the industry can be reduced 
by greater use of heat recovery methods. Based on 
present technology, the practical limit to refinery pro- 
cess energy use for the industry is in the order of 6 


The attainment of 


per cent of crude oil throughput. 
these reduced process energy requirements would require 
not only optimum use of technology and heat recovery, 
but the continuous operation at high levels of capacity. 
In other words, the realization of low process energy 
use is not simply a matter of technology but a combina- 
tion of technology and marketing. Low market demand can 
easily wipe out any gains made through improvements in 


technology. 
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Markets 


The demand for petroleum products from Ontario refineries 
will be largely determined within Ontario. Overcapacity 
may encourage some exports outside of Ontario but this 
will be largely a temporary phenomenon and the refinery 
capacity will not be geared to permanent export markets. 
The splits of refinery runs between the various types of 
fuels may change over time but no attempt has been made 


to project these changes. 


In any event, the addition of 265,000 barrels in new re- 
fining capacity to Ontario's existing capacity would 


Suggest that unless a tremendous upsurge in demand for 


1 Acres' survey, percentage as expressed on Btu basis 
and is deemed to include all fossil forms of process 
energy. 
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petroleum products occurs, there will be ample refinery 
capacity for all products over at least the next decade 


and possibly longer. 


Conservation 


It is obvious that the more energy-efficient a refinery 
is, the more product it can sell. However, the incentive 
to reduce energy use depends on more than just techno- 
logical process energy requirements. Refinery design, 
market demand and product mix have a tremendous impact 

on energy use. Approximately one-half of the potential 
energy Savings available to refineries can be accomplished 
by increaSing maintenance staff and spending moderate 
amounts of capital. The remainder can only be attained 
through heavy capital investment in new refinery facil- 


dose 


Environmental considerations also have a significant 
impact on process energy use in this industry. CoS 
estimated that the production of lead-free gasoline, the 
reduction of sulphur content in oil and improvements in 
water effluent treatment, have increased process energy 
requirements by approximately 0.6 per cent of crude oil 
throughput. In terms of 1973 process energy require- 
ments, the above represents an increase in consumption 
of almost one million barrels of fuel oil equivalent 


(Btu basis). 


Three conservation issues were discussed in the Gordian 


Associates Study.! Briefly the results are: 


1 Gordian Associates, The Potential for Energy 
Conservation in Nine Selected Industries. 


— 4a 


(a) .CHanging the crude o1]> Erong322eAP Peli ghtecruce 
to 17° API heavy crude required about 25 per cent 
more energy in the refinery to produce the same 
products. Current crude used in Ontario typically 


averages 42° API.} 


(b) Increasing sulphur content of residual fuel oil 
from 1.0 per cent to 1.6 per cent decreased total 
refinery energy requirement by 1.5 per cent.* ‘The 
vVOlumMe* Of, DrOduct1On WO faslLieGwmO ll ewasSmOn yan mOer 
cent of crude ol intakes imcneecase sot, Ontanto, 
residual fuel oil production comprises 14.3 per 
cent of crude intake. EM&R estimates the sulphur 
content of, the fuels ranges frome. / 5 perecent, Lor 


NO.w4 tO Vie Oconee Gece tan. OlmN cemmor 


(c) The impacts of changing motor gasoline lead levels 
and octane numbers can be Significant. The follow- 
ing examples are for a fixed gasoline production 


volume and total refinery energy consumption: 


Lead Level Octane Relative 
Case CcoUTEL/ gal Number Energy Used 
A 220) S65 jh 510h8) 
B 0m> 2G ese 
G 0.0 920 1h) 
D Phage: CyB) 0.99 


Natural gas is consumed in place of fuel oil or fuel gas 
when environmental concern (especially SO» emissions) 
overshadow operating efficiency. An example is Gulf's 
location in the middle of a residential community in 


Clarkson. 


1 Marker Crude Western Canada, Nickels Dany nOml a Bulilecing 


4 Less than .1% as an absolute percentage of crude oil 
intake. 
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Technology 


The petroleum refining industry is presently working on 
new technology that could eventually reduce process 
energy requirements. At this time it would be totally 
speculative to comment on the potential effect of new 
technology. However, it is important to consider the 
time frame for possible innovations. For the next de- 
cade overcapacity will exist in petroleum refining in 
eastern Canada. Even if substantial improvements were 

to become possible within the next five years, installa- 
tion lead times are such that no Significant improvements 
can be expected before 1985, because of the current 
overcapacity Situation. Thereafter, assuming Significant 
improvements in energy efficiency, only modest overall 
impact can be expected because of the size and useful 


life of present facilities. 


Three potential technological changes were mentioned in 


the survey: 


® High temperature catalytic cracker regeneration, 


e Use of fuel gas in place of steam for atomizing 
Fuciaorl, 


@ Heat cycle equipment to recover process heat 
from relatively low temperature streams. 


The technology exists for all three; however, current 
economics preclude their use. No further investigation 


was undertaken in these areas. 


Pollution control legislation aimed at reducing the 
emissions of sulphur dioxide to the atmosphere during 


the combustion process will require the production of 
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fuel oils lower in sulphur content. While no specifi- 
cations or schedules are available, it can be expected 
that refineries will be required to install more hydrogen 
desulphurization capacity in the future to meet the new 


Standards. 
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There are 8 major energy consuming processes used by 
petroleum refineries in Ontario. The various outputs 
from the industry may be viewed as being produced by 
means of combinations of these processes as outlined in 
the flow diagram for the industry. These processes are 


identified in the model as: 


Crudewdista. lation, 

Vacuum distillation, 
Thermal visbreaking, 
Catealyirtcwt luidecrea chang 
Hydrocracking, 

Hydrogen desulphurization, 


Catalytic reforming, 
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Other operations. 


Total demand for various refinery products will be pro- 
vided ultimately by the models for the other industries 
and sectors. This demand must be assigned to the various 


processes used in the production of each product. 


The nature of the industry is such that each company will 
first determine the demand for each of its end products, 


then will use a detailed model of their refinery to 
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Optimize the use of all equipment, given the product 
mix. In the model presented here no attempt has been 
made to mirror the optimizing routines that the industry 
would use. A much more elementary approach has been 
adopted. The total demand for gasoline and fuel oils,! 
as determined by the various components of the study and 
expressed in Btu x 109, is factored upwards to reflect 
a total crude o1l] input tevtike refineryvimodelt2ethelgac- 
tor used is the actual ratio of the output of these 
DEOouccs, tOMiHe, Crude. OIN Bnpurcotal™ run) to refinery 
Stisssy ste astedsoyvis taticticse Canada’ (y).-" This” input 
is then assigned to the major processes based upon our 


understanding of and discussions with the industry. 


Os A RA eb i vehe se demand?) /y 
POne past. (Ofecrudeeoll. DubetO sti to» 
enrrent, valuerotliyuls./o%etTap be sJija) 
(PEG2 ela Obe=20C45.808 


= Barrels of crude oil run to refinery 
Stubs? tin .thotisands: 


The aSSignment to process is discussed below. One hundred 
per cent of the input is assigned to the crude distilla- 
tion unit, the current capacity of these units is the 
total crude oil capacity of the province, «2.e:+.540,300 
barrels per day (calendar day). Economic considerations 
dictate sthat thesvacuum distillation and thetcatalvytic 
reforming processes will be fully loaded. Currently these 
processes have capacities which represent 31.4 and 22.4 
per cent respectively of the total crude oil capacity. 
These percentages were taken to be the optimum operating 
Situation in the refinery, thus 31.4 per cent of the crude 


Oil input as computed by the model will be assigned to 


1 Consists of motor gasoline, diesel oil and heavy fuel oil. 
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thesvacuumidistillationsiniteands 2254) tortnescataryirc 
reforming unit. If the refineries are running consid- 
erably under capacities, these units will obviously not 
be fully utilized. The cracking plants are assumed to 
handle 34.6 per cent of the total crude oil input and 
thet hydrogen? destlphurization unites), 6apermcent a he 
latter unit iS assumed to run at 80 per cent of capacity. 


This data is summarized below: 


% of Crude Propoue.on 


Siebas Capacity Capacity Assigned? 
(bbi/cal. day) (3) (3) 

Crude distillation 540,300 AO KANG, LO OR 0ri a) 
Vacuum distillation 164,900: a0). 5 30.5 (p2) 
CrackhiIngeaplants 186,700 34.6 34 Ou 13) 
Hydrogen 

desulphurization WARING TO) 39.4 Slaten G2) 0) 
Cabal Cn Leos) Came ieee ee O. De PapRe, HS Ney) 


The other operations process uses the total crude oil in- 


put aS its measure of intensity. Thus, 


(1393 eee mmo 


= thousands of barrels to crude distilla- 
ELOneeiT at 


(13 2) odo ees Qb 


=sthousands of barrels to vacuum distiila-— 
tCionwuna ts 


GeBeyy Cao = ide (ele 
= thousands of barrels to cracking piants 


Assumes a 22,000-barrel per day unit installed at 
Sun O1l,; “Samira - 


2 These proportions are based on current refinery con- 
figurations and will change as capacities change. 
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= thousands of barrels to hydrogen 
desulphurization units 


(PLS3205/1) Serves ds = Ps Qb 


= thousands of barrels to catalytic 
reforming. 


There are three types of cracking plants: thermal vis- 
breaking, catalytic fluid and hydrocracking. The model 


assigns total cracking demand on the basis of relative 


CapaciluLes. wmcunren tia (975) etheselcapacitwes! are: 
bbl/day Per Cent 
Thermal visbreaking 38,000 20044 (De) 
Gatdlytientluid L3 dy, 6 0.0 A0e5e1pDa) 
Hy drocracking 17,100 9.1) (pg) 


Thermal cracking is considered to be an obsolete process 
and is kept on stream because it iS more economic to 
maintain than replace it. Hydrocracking is the newest 
type ofsplantiand isythesmost:efficient,.i.e..1it,.produces 
more of the light ends than the other methceds. However, 
it is also very expensive and must be fully loaded to be 


justified. 
The distribution among. cracking plants 15S: 


(2350) eres Gp eee 


= thousands of barrels charged to thermal 
visbreaking 


GIO Ass eee see 


= thousands of barrels charged to catalytic 
fluid 


mee 41810) ee 


G's 0) ore el ee eles 


thousands of barrels charged to 
hydrocrackers 


This procedure, Obviously short circuits many of the 
refining operations. Also, no allowance is specifically 
made for various by-products of one fuel type which are 


blended into others. 


The complex interconnection of refinery methods makes it 
difficult to compute the eneroy anputeper unlt.of, OuEDUL, 
(e.g. Btu per gallon ocfsgasotine.)) eiheretore, cotal 
energy demand is related to the intensity at which each 
process is utilized. In the industry as a whole, rapid 
and inexpensSive substitution among fuels, capability to 
generate various fuels within the refinery itself, and 
the use of single energy sources (i.e. charge heaters) in 
several different processes make the precise specifica- 


tion of energy demand by fuel impractical. 


In nearly all of the processing stages of a refinery, 
energy 1s required in the form of direct heat to raise 
the temperature of the oil being processed. Additional 
energy is required for mechanical drives to force the oil 
through the process. The heat is supplied to the process 
either directly or in the form of steam produced from 
either purchased, non-purchased or by-product sources. 
Natural gas, heavy fuel oil and fuel gas! respectively 
are the major fuel types for each source. Electricity 
provides power for mechanical drives, e.g. compressors, 


Dumps, etc. 


1 Process tail gas. 
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Energy consumption by process is expressed in terms of 
the steam, direct fuel and electricity requirements per 
unit charge to the process. Total steam and direct fuel 
demands are apportioned among the three major fuel 
sources: natural gas, fuel oil and fuel gas (process 
tail gas). Natural gas and electricity are purchased, 
fuel oil and fuel gas are obtained from the refining 
itself. 


Per unit energy requirements were obtained from the liter- 
ature and confirmed by the survey. Consumption by fuel 
type was computed from historical data. Total consump- 
tion of natural gas, fuel gas! and fuel oil for 1973 was 
37250) x 10-n9129,693) polo? and §34;7239 x LO” Btu respec- 


tively. The proportions are: 


Bouse Per Cent 
Natural gas Se oU Sooke Vall G22. 0) 
Fuel oil 34,239 oie 7 (DiG) 
Fuel gas! 28,693 43749. (oa 


Energy consumption by fuel is calculated as: 


3c jee... ene =) LOLaL steam plus) total direct uel 
requirement in Btu x 109 


a be 5 8 es Gg = Pg Qh 


= natural gas consumption, (Btu x 102) 


CRS esa RS 0 eee dio = Pio Qh 


= fuel oil consumption, (Btu x 109) 


1 Fuel gas consumption includes some minor constituents 
of Own consumption, see Table 3.13a. 
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= fuel gas consumption, including 
Own consumption of other minor 
Gonstutuents; s(Btuex 0) 


All of the fuel gas produced in the refining operations 
is used in the various processes to offset consumption 
of purchased fuels or saleable products. Currently the 
amount of fuel gas produced is equivalent, on a Btu 


basis, to 2.96 per cent Of tora ecridersowreinput. 
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TABLE 3.13a 


ESTIMATES OF OUTPUT — PETROLEUM REFINERIES 


ONTA RIOR al 04 em LoS 


(thousands of barrels) 


Motor Diesel 
Lear Gasoline Kerosene Chee 
1964 S36 l05 4,054 6,841 
1965 40,729 Ae 205 By 258 
6G 42,388 poze 8,742 
L967 42,818 4,070 8,394 
1968 45,691 4,013 O77 ao4 
1969 48,456 4,896 10,640 
1970 Bie 5) 4218 eee {3 3 
ine) 7a 537769 4,804 11,456 
1912 Shee 4,730 11,544 
i973 SL O33 6,050 digy ay ORERS) 


Light 


Fuel Oil 


20%, 238 
2d ,346 
21,524 
19,980 
22, 2 © 
Ze ae 
257 20% 
2719100 
247,632 
254A Ly, 


Source: Statistics Canada, 45-204 and 45-004. 
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FuelLsorl 


RS ee pe 2 
18,491 
20 tie tt 
20,880 
20,809 
19 202 
21705 
20,094 
LOnioe 
Lo iss? 
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TABLE 3.13b 


PER UNIT ENERGY REQUIREMENTS 


PETROLEUM REFINERIES 


(Btu x 10°/unit) ! 


Production Process Direct 
(variable) Heat 
Crudemitiati ations» (q,) be o 
Vacuum distillation’ (q>) 60.0 
Thermal visbreaking* (qd¢) POR 
Catalyhicuriuids (q7) L050 
Hydrocracking? (qa) 4550 
Hydrogen 

desulphurization® (di, ) 66.0 
Catalytic reforming (qs) 380.0 
Other operations? (q) Sa 


Energy Form 
Steam* 


2020 


42. 


bo 


1 Units are thousands of barrels charged to process. 


ve ; } 
Gordian Associates. 


> Includes polymerization, 


Thespen tinwiectouressare 
model to L973 > Statistics 
POG erating jes teams LO 
Associates study. 


alkylation, blending, 
those required to balance the 


comin, 
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etc. 


Canada total energy figures and 
direct heat expressed in the Gordian 


* Based on 1 We30ebtueperspomund otesteam (386% efficient boiler). 
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3. lA eu ano, Paper 


Sol4bg= Industny iOverview. =“Energysuse 


DUGAN Geos. Ontarlo pulp and: paper manufacturers -con- 
sumed more than 73.7 x 10)* Btu of energy. In addition, 
this industry has waste products such as bark, sawdust, 
etc. and residues from the chemical pulping process to 
generate steam and electricity. An Ontario Hydro report! 
estimates that this is equivalent to 22 per cent of pur- 


chased fuels, approximately 16,154 x 102 Btu. 


Purchased energy sources for this industry are coal, fuel 
oil, natural gas and electricity. Waste material such 

as bark, Spent liquor and sawdust are used wherever it is 
economically feasible to do so. Interchangeability be- 
tween alternate fossil Puen LOU Msi COdl, Olly, MaculeaL 
gas) is possible to a substantial degree. The main reason 
EOrweunesiwvohe possibility ofisubs trtutiomrin &the pulp “arid 
paper industry is that much of the fuel is used for boil- 
ers and is therefore, not tied to specific processes or 
technologies. Limitations to substitutability do exist 
and particularly for coal. Many sites would not have 
sufficient storage and handling equipment readily avail- 
able to allow a short-term substitution of coal although, 


of course, in the longer run this could be achieved. 


3.14.2 - Industry Overview - Markets 


Of Canada's major primary industries, none is more export- 
oriented than pulp and paper, particularly its newsprint 


and market pulp component. Approximately 32 per cent of 
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wood-pulp and over 90 per cent of newsprint produced by 
the Canadian industry is for the export market. The 
United States consumes close to 60 per cent of the wood 
pulp and over 80 per cent of the newsprint exported from 


Canada.! 


TOMGain ane understanding OLethesOn tari Oe put ealc em ape I 
industry, it is essential to view it in terms of its 


major elements, each of which are outlined below. 


Newsprint 

On a tonnage basis, newsprint is the most important pro- 
ducteof ethrs*Canadian and Ontario industry. -Of-Ontario s 
1973 production of baSic paper and paperboard, newsprint 


accounted for 69 per cent of total tonnage.” 


Until the 1950's, northern softwood species were consid- 
ered the best newsprint fibre. Canada and Scandinavia 
Supplied practically all of the world market requirements 
for this product. Then, in the Canby LoSs0ns the manutac-— 
ture of newsprint of acceptable quality from southern 
U.S. softwood was rapidly achieved. As a result, the 
Canadian share of the U.S. newsprint market slipped from 


S0jeper ecentieiniel 95 0to G5spen ecent ini jo 


From an efficiency point of view, it is important to 
compare recent operating ratios of Canadian and United 
States newsprint mills. Between 1965 and 1974, Canadian 
mills operated at an average 88.8 per cent of capacity, 
whereas American mills were able to achieve a remarkable 


96.3 capacity utilization average.! This is primarily 


1 Canadian Pulp and Paper Association. 
2 Statistics Canada, 36-204. 
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theeresteusor ther tacuelhnat Uso. production, of newsprint 
is only one-third of market demand and plants can there- 
fore achieve a high level of output through all types of 
market conditions, while Canadian producers must withstand 


Swings in demand. 


Fine Papers 


Miasecategory, consisting primarily of communications 


papers, is manufactured mostly for the domestic market. 


The relatively small size of the Canadian fine papers 
market requires manufacturers to resort to short and 
expenSive production runs. Thus Canadian fine papers 
are subject to substantial foreign competition, mainly 
from the United States. There the large size of the 
American fine papers market enables manufacturers to 
enjoy long production runs which are reflected in lower 


Operating costs. 


More than half of the Canadian fine papers industry is 
CORCENtraLeO lieontatto. Ine ManuLaclture=oL stiws product 
is much more labour-intensive than newsprint in the 


finishing operation. 


Linerboard Material 


Pulp from which part of the lignin has been removed and 
some recycled paper are used for linerboard. The market 


isiiprimarily -<domestica with slittle export. 


Consumer Products 


This product group consists of such items as towelling, 


napkins, tissue papers and disposables. It represents, 


Oe 


on. a volume basis, a small portion Oofethiec pulpeandmepaper 
production. Even though the market is primarily domes- 
tic, it 1s highly -competitive, chatraccerl Zequpyeintelice 


point of sale promotion. 


Market Pulp 


Though Ontario is not now a major producer of market pulp 
aS an export commodity, new plant expansions could change 


that picture. 


3.14.3 - Production Process 


The manufacture of pulp and paper and other paper pro- 
ducts consists of many complex processes. Here only a 
brief overview is possible. The production of most paper 


and paperboard products generally follows this sequence: 


@ Pulpwood acquisition, harvesting of roundwood 
and procurement of sawmill residues (chips), 


@® Debarking and chipping of roundwood; 
® Pulping, either chemical or mechanical or both, 
e Pulp bleaching (and drying for market pulp), 


@ Paper and/or paperboard production. 


Pulping 


The manufacture of paper begins with the manufacture of 
pulp, usually but not always from wood. The purpose of 
pulping, either mechanical or chemical, is to reduce the 
wood to fibres which will adhere one to the other as 


water is removed. 


(a) 


(b) 
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Mechanical 


Mechanical pulping reduces debarked logs to a fibrous 
condition by pressing them against rotating grind- 
stones. Groundwood or mechanical pulp contains all 
of the components of wood with the yield being 95 per 
cent or higher. Groundwood pulp is used primarily in 


the manufacture of newsprint. 


Chemical 


Chemical pulping separates the cellulose fibres by 
dissolving the lignin that binds them. The logs are 
initially converted to chips which are cooked under 
pressure “in “a chemical solution called “liquor”. This 
cooking dissolves virtually everything except the 
fibres so that the yield from chemical pulping is about 
half the weight of wood. Though the yield is much 
lower than for groundwood pulp, strength and other pro- 
perties of chemical pulps are necessary for most paper 
and paperboards. Newsprint contains between 12 and 25 
per cent chemical pulp, while fine papers are made from 
nearly 100 per cent chemical pulp for such items as 


consumer products and packaging materials. 


The two principal chemical pulping methods are "sulphate" 
(Ormktat cr ange. sulpnice pulping, Ene major difference 
being that the sulphate cooking liquor is an alkali and 
the sulpnite: iquor is" an ‘acid: 


Sulphate pulp: In sulphate or kraft pulping, the wood 
chips are cooked in an alkaline solution. The spent 
liquor from the digesters, containing the chemicals and 


about half of the original wood is evaporated to remove 
most of the water and is then burned in a recovery 
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PRODUCT IONSRROGESS 
PULP AND PAPER 


RAW MATERIALS 
- PULPWOOD 


| cHIPPERS| 


Seri ia SULPHATE 


MECHANICAL | 


WOOD PULP 


FINE PAPER 
PRODUCTION 


NEWSPRINT 
PRODUCTION 


FINISHED fe 


PRODUCTS EX POR MS 
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furnace. There the organic material burns, pro- 
viding a source of heat for raising steam. The 


chemicals are recovered for reuse. 


Sulphite pulp: Here there is relatively little 
opportunity for the use of waste material for the 
replacement of fossil fuels. Use of the sulphite 
pulping method is on the decline because of the 
difficulties associated with the disposal of en- 


vironmentally undesirable waste materials. 


Papermaking 

The manufacture of paper is a highly complex process. 
Essentially it consists of placing a mixture of cellulose 
fibres (pulp) and water, in an even layer, on a contin- 
uous rapidly moving screen and removing the water through 


pressure, Suction end heat. 


A surprising range of paper grades contain recycled waste 
paper. In fact, some paper mills, particularly those 
where boxboard is manufactured, are dependent on waste 
paper for nearly all of their raw material. Other mills 
making fine and sanitary papers use substantial amounts 


of repulped paper. 


Secondary fibre, as the waste is called, is available in 
a wide variety of grades ranging from clean white trim- 
mings that command a premium price to mixed household 
papers and office waste. The presence of contaminants 
is a serious impediment to more widespread use of secon- 
dary fibre. Ironically, as technology in other industry 
improves and quality of inks, adhesives and plastic 
coatings, these have become more difficult to separate 


from the usable fibre in the pulp and paper industry. 


el Pad 


3.14.4 - Energy Consumption 


The most energy-intensive process in the manufacture of 
paper products is the manufacture of pulp. Since the 
range of pulp produced is so great, it is most useful to 
examine typical values such as are listed below. The 
energy inputs are given in pounds of steam per ton of 


DrOguUCceEandein Mil OnSsmOr Bris 
Typical steam requirement for pulp: 


Product Steam Requirements/Ton 


ounds Bi 6,1 
Unbleached kraft pulp for liner- (P ) (Btu x 10°) 


board - 5-6% moisture content SU 00 Gens 
Unbleached corrugated medium pulp 37200 4.3 


Unbleached sulphite pulp for 
newsprint furnish 5-6 ,000 6.7-8.0 


Semi-bleached kraft pulp for 
newsprint furnish . eae Ohu) egal 


Unbleached sulphite market pulp 
baled and dried for shipment - 
5-63 moisture content 8,500 Uae: 


Bleached hardwood kraft pulp for 


fine paper Ait 5100010) Rasy 
Bleached hardwood kraft pulp, baled 

and dried for shipment 16,000 By 2e3 
Bleached softwood kraft pulp for 

fine paper 5 30 0.0 20,0 
Bleached softwood kraft pulp for 

fine paper, baled and dried for 197500 26160 
shipment 


source: Acres' survey. 


1 Based on 1,333 Btu per pound of steam. 


a ae: Nis eae 


The pulp and paper industry requires electricity for 
mechanical drive and fossil fuel, primarily for steam 
generation. Of the total purchased energy requirement, 
electricity represents approximately 20 per cent, with 


fossil fuels accounting for the remaining 80 per cent. 


OntarloO ,0ulp ands paper mills use o11),.coal, natural «gas 
or a combination of any of these to generate process 
steam. Natural gas is used for some direct-fired drying 


applications. 


Over the past decade, natural gas has displaced most of 
the coal as the principal fossil fuel. The change has 
been prompted by pollution regulations, favourable natural 
gaS prices and reduced handling charges. As new boilers 
were required, boiler design was simplified by making gas 
with fuel oil stand-by the only firing requirements. Coal 


firing systems on many older boilers were eliminated. 


The pulp and paper industry depends primarily on price 
and availability in choosing its fuels. Most plants have 
at least dual-fuel, gas/oil firing capability which makes 
it possible to take advantage of any price differences. 
Swiltchn—-over from o1lfto gas borler firing is’ a relatively 
Simple and short procedure that can take place without 


loss of production or efficiency. 


Energy consumption by major product group is described 


below: 


Newsprint 
Steam and electrical requirements are in the order of 
9,000 lbs and 1,700 kwh per ton respectively. On a Btu 


basis, the above represents a total of 18 million Btu per 


cee PALSY 


ton, with electricity representing almost 33 per cent of 


the total energy requirement. 


Fine Papers 


Fine papers are produced from fully bleached sulphate or 
kraft pulp. The kraft process lends itself to the use 
of waste material for steam and even electrical power 


generation. 


Of the 25,000 lbs of steam required for the manufacture 
of one ton of fine paper, approximately one-half, or 
12,000 lbs can be generated in a recovery furnace fueled 


by spent liquor. 


Electrical requirements are approximately 1,100 kwh per 


con. 


Fully Bleached Kraft Market Pulp 


The production of market pulp requires a much lower over- 
all energy input than for fine papers. At least 20,000 
lbs less steam and 750 kwh less electricity is required 
per ton. It is possible to generate some 12,000 lbs of 
steam in a recovery furnace, thus decreasing the need 


FOr. tOss 1 Lf lei LO tess. 0.5 nil 1 ton Btu (ue retonmcange. 


Linerboard 


The manufacture of linerboard requires approximately 
17,000 lbs of steam and 850 kwh of electricity. Use of 
a recovery furnace can reduce the amount of purchased 


steam to 5,000) los sper. ton: 
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3.8 45a The Huturev Ouctrook 


Markets 


As intimated in the overview, there are indications that 
Canada and Ontario may be losing some of their competi- 
tive edge in export to the U.S. where new resources and 
higher plant utilization factors favour maximum produc- 
Clonein tie Uses. AL the sane time, thie U.o. resource is 
limited and Canada is still a major source of supply. 
Over the longer run this is likely to continue and even 
in Ontario the resource is, to some degree, limited. 
Therefore, if demand for pulp and paper on a worldwide 
basis continues to expand, a vigorous market should be 
assured and hence a continued high level of activity for 
tie sinmaustry in Ontatao.se ine level orvactivity wii be 


tied to overall Canadian and American economic activity. 


Conservation 


As in other industries, some Savings can be achieved 
without major investments, while other potential savings 


will. take. substantial. capital. inputs. 


Some of the major opportunities for reducing the gquanti- 


ties of purchased energy are outlined below: 


Newsprint: There is little opportunity to use waste wood 
material for fuel in a newsprint mill because newsprint 
Pll py conststs normetsy) Of-omry =)29eto’ 25aspertcent sulphitte 
pulp with remainder being mechanical pulp. Wood bark, 

if facilities for its handling are available, can reduce 


purchases of fossil fuel by up to 10 per cent. 


se SE 


Recent trends towards making lighter weight paper have 
not yet produced noticeable reductions in fuel use per 
ton.) Cua laity contro makes altace cul cmetOmagap c 
existing old paper machines to a new paper weight while 


using less fuel in the drying process. 


There is normally limited potential for on-site power 
generation and the electrical and steam loads are not 


nearly as balanced as in a kraft mill. 


Fine papers: Fine papers are normally produced from 
krattypulp.- » With, this chemical pulping process, as good 
balance exists between the steam and electrical power 
requirements. For this reason, helped further by the 
possibility of recovering energy from the wood waste dis- 
solved in the chemical liquor, there is an excellent 
theoretical opportunity of generating most of the kraft 
mill's electrical requirement. The potential for elec- 
tric power generation in this industry should be care- 


fully examined. 


At the March, 1976 Second Industrial Energy Conference, 
the pulp and paper industry set a goal of reducing pur- 
chased energy per ton of product by 12 per cent by 1980. 
The base year for meaSuring such reductions is 1972. 
Many conditions were specified as being essential to the 
attainment of such a goal, the most important being an 
ability to retain earnings to invest in projects to 
reduce energy use, a favourable economic climate and 


stable environmental requirements. 


The pulp and paper industry also pointed to the poten- 
tial for major reduction of purchased energy use through 


on-site energy generation. The two chief energy forms 


a We 


utilized in this industry -- steam and electricity -- 
Suggest there are possibilities for the economic use of 
steam turbine installations to generate both. Moreover, 
the feasibility of this equipment can only be tested in 
the operating characteristics of each individual plant. 
Such factors as steam pressure and temperature in the 
production processes versus that exiting the turbines 

and the relative costs in replacing existing steam gener- 


ating facilities must all be analyzed. 


An Ontario Hydro Study! estimates that a system generating 
both steam and electricity can achieve efficiency of 
approximately 85 per cent, compared to a modern fossii- 
fuel fired electrical generating plant which is typically 


39 per cent. 


This same report estimates that some 1870 million kwh of 
electricity was produced in Ontario in self-generation 
facilities. This figure represents 43 per cent of the 
purchased electrical energy and 30 per cent of the total 
electrical energy consumed in the industry. Inexpensive 
power from Ontario Hydro has made self-generation less 
popular in Ontario than in European or U.S. mills. Seventy- 
five per cent of the self generated electricity was in 
hydraulic stations, the remainder was in thermal installa- 
tions. The steam used to drive the thermal generators 

was derived from burning spent liquor from chemical pulp- 
ing and bark. The excess steam was used elsewhere in the 


plant. 


It is also stated that in kraft (sulphate) mills the 


burning of bark and spent liquor can generate sufficient 
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steam and electricity to run the mill without additional 
energy. Newsprint mills do not have this capability and 


must seek energy from external sources. 


Technology 


Though this section contains a brief discussion of some 
of the possible technological changes in the production 
of pulp and paper that could reduce energy inputs, such 
changes are not contemplated for their energy-reducing 


potential. 


Thermo-mechanical pulping (TMP) has been receiving con- 
siderable technical press coverage during the last few 
years. It is hoped that, when fully developed, this pro- 
cess could totally replace the groundwood and chemical 
pulp mixture used in newsprint mills. Elimination of 


chemical pulp would accomplish the following: 


@ Reduce the complexity of operations; 
@® Overcome the sulphite pulping pollution problems; 


@® Improve paper characteristics as compared to 
stone groundwood; 


e Increase pulp yield to between 94 and 97 per 
cent from the present levels of 50 to 60 per 
cent from chemical pulp. An integrated lumber- 
pulp and paper operation would be able to use 
wood chips and other reSidues that could not 
readily be processed. This greater utilization 
of wood is of distinct advantage, especially to 
a fully integrated forest product corporation; 


@® Eliminate the cost of chemicals. 


Thermo-mechanical pulping is still in its prototype stage 


Of development. Pulp and paper industry representatives 


res ge dk ts 


are not yet Sure of the specific gains that can be ex- 
pected from TMP and whatever operating experience with 
TMP units has been gained, the results have not been 


widely publicized. 


There are conflicting views concerning total energy use 
With TMP compared to the conventional sulphite-groundwood 
pulp mix. Most of the people contacted expressed the 
view that though electrical energy requirements for news- 
print with TMP may be some 20 per cent higher,! other 
factors such as higher yield, better quality and reduced 
expenditures on chemicals would provide some measure of 
compensation. In fact, it is not inconceivable that as 
wood costs escalate, the greater total yield of TMP may 


more than compensate for a higher total energy consumption. 


3.14.6 - Industry Model 


For purposes of this study, the pulp and paper industry 
has been divided into seven major energy-related pro- 

cesses. The energy form which dominates these processes 
is steam. The fuel requirements therefore must reflect 


the steam source. The processes are: 


Mechanical pulping, 
oul phates puaping,, 
Sulphate pulping 


2 
@ 

) 

@ Newsprint production, 
@ Fine paper production, 
@ Chipping of pulpwood, 
c 


Other operations. 


1 Ontario Hydro estimates that current electricity 
requirements for TMP is 100 hp/day/ton or 6.1 million 
Btu/ton, no steam requirement was available. 


ee ae 


The first three processes deal with the transformation 
of wood to pulp and the next two with pulp to paper and 
the sixth process with a mechanical operation preceding 


either sulphite or sulphate pulping. 


The output measures of the pulp and paper industry are 

two: tons of newsprint produced and tons of fine paper 
products. The newsprint production has been tied to the 
American Gross National Product to accommodate the large 
volume of exports. Fine paper production is related to 


the domestic market through the Canadian Gross National 


haere liver ep, 
CUAt re SOne =" 2, 3857 29 5a 0. 6 le USGNP) 
CLA? mess Obs =e SOn OA tee ee oN) 


These output figures are then assigned to the various 

wood pulp producing processes: mechanical, sulphite and 
Sulphate. There are no rigid rules to this assignment 
within the industry other than the fact that newsprint is 
primarily produced from mechanical wood pulp and fine 
papers are primarily from chemical wood pulp. The follow- 


ing proportions have been assumed: 


Newsprint Fine Papers 
Mechanical Ooo Lapa) O02 005 (D5) 
Sulphite Ops EIR Gers) 0224 (pa) 
Sulphate 0.00 (ps) 0.786 (pe) 


Thus, newsprint is assumed to be produced from 88.1 per 
cent mechanical groundwood pulp and 11.9 per cent sulphite 
wood pulp. Fine papers are produced from 21.4 per cent 
Sulphite and 78.6 per cent sulphate wood pulp. Conversely 


Sei) ae 


100 per cent of the mechanical wood pulp is used in news- 
print, 100 per cent of the sulphate is used in fine papers 
and sulphite wood pulp is split between the two. The 
proportions chosen above typify the industry over the 

past decade and were computed from 1973 data, and discus- 


Sions with the industry. Thus, 


Cia 23 Fac lo peek) pone sels Oe 
= tons of mechanical groundwood pulp 
required to satisfy domestic production 
of newsprint and fine papers. 
(14.4) eee Go = P3 One + Py Of 
= tons of sulphite wood pulp required to 
Satisfy domestic production of newsprint 
and fine papers. 
ISS EE ae Mei 7 eye oie rs ley Obs 


= tons of sulphate wood pulp required to 
Satisfy domestic production of newsprint 
and fine papers. 


Total production of wood pulp by process includes the 

above figures plus allowance for export of wood pulp. No 
wood pulp production or export data by process was avail- 
able at the provincial level. National data and provincial 
totals were used to estimate the export demand for wood 


pulp by process. 


At the national level in 1973 the pulp and paper industry 
exported ’6,.5 £77,00 GUieton sos wooden p fore l 8 per. cent,of 
total production. The exports by process, in relation to 
total production by process, were 60.9 per cent of total 
Sulphate wood pulp was exported, 22.2 per cent of sulphite 
and 3.3 of mechanical groundwood pulp. The distribution 
of exports was 83.7 per cent sulphate, 8.3 per cent sul- 
phite, 4.3 mechanical and 3.7 per cent other types of wood 


jsqbat eye 
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Ontario produced a total of 4,044,364 tons of wood pulp 

of which some 3,117,000 tons can be accounted for in 
domestic consumption. This latter figure is not precise 
as there are several minor classifications of wood pulp 
consumed in the province. On a national basis these other 
Classi£ications total 3.5 permmcenteotetne Octal swoodenulp 


production. The 1973 exports of Ontario wood pulp is 


estimated at 927,000 tons. The data is summarized below: 


Wood Pulp (Tons x 10%) 
Production sae Used Exports? 
Canada Ontario Canada Ontarlo ~Canada"Ontario 


| Total 20,462 48044 soar Goe moeriiere 6,517 9272,3 


| 

| 

| Mechanical 8,372 a8 chelsea ae = 
| Sulphite 2,488 = ie Ub 576 542 2h 
| Sulphate 8,893 -1 3,329 854 5,457 -1 
| : 
| Other 709 st 399 = 223 = 


| 


The exports so calculated have been related to the 
American Gross National Product in constant dollars. (The 
United States accounts for some 60 per cent of wood pulp 
exports). The export demand is distributed by process 


using the national data, as no provincial figures exist: 


GUAT) Sn. ate 


244,364 + 0.96 (USGNP) 
= (totalg icon siom woodpul pi a(t rome ai pro — 
cesses) exported from Ontario. 
(CEARG7) oda... Ce, ROE 


= tons of export wood pulp produced in 
mechanical process, 1973 value of py = 0.043 


1 Not available. 
2 Estimate. 
3 Statistics Canada, 36-204. 


+ Canadian Pulp and Paper Association. 
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= tons of export wood pulp produced in 
Sulphite process, 19/73 value of p, = 0.083 


GELS) eee emp Gg ele 


= tons of export wood pulp produced in 
Sulphate and other processes, 1973 value 
Of pg = 0.874 


The chippers are used to prepare the pulpwood for the 
chemical wood pulp production processes. Thus, the total 
DeOductVomuopchemical wood pulp side + 4g, +. / qs + iqp 1s 


the output measure associated with the chippers. 


GEUALONE ... £ePULPC Of tee Cel oe tee 


tons of chemical wood pulp produced. 


The throughput of the "other operations" process iS ex- 
pressed as the total tons of finished paper products -- 
newsprint and fine papers -- from the industry. This 
category includes debarking, special pulping processes, 
bleaching operations not associated with the three pulping 
and two product processes listed separately, materials 
handling, etc. The per unit energy requirements for this 
process are computed as these figures required to balance 


the model to the 1973 total energy consumption data. 


Energy consumption occurs in essentially two forms: 
electricity and steam. All of the steam and some of the 
electricity is produced on-site. The boiler fuel is 
either fuel oil, natural gas, coal or non-purchased fuels 
Such as wood waste or spent liquor. The proportions of 
each have been estimated from what little data is avail- 
able. The Ontario Hydro report, previously cited, pro- 


vides the most detailed analysis of energy consumption 


Ome 


in this industry for 1972. This was supplemented by 
Statistics Canada figures for the same year to obtain the 


proportions listed below. 


APPARENT ENERGY CONSUMPTION 
PULP AND PAPER INDUSTRY 


| 
1972 
| 


Energy Form Used 


| 

| 

| 

ee j. MOMS team MRR Lectri cut ae 
| (Benes Oi) sly Pete ©) mS) 

| Self- generation: 

| - Hydro ADL] 2 2yenieleGic)) 
| - Thermal (waste) OF Cate aiet Chas) 1,604 Tio Gee) 
| Qucsteriesk 

eicoat BOC) «| KRG e 

| - Natural gas 37,094 5323 (f.) - 

| - Fuel oil Toei] Sa aeons Cae - 

- Electricity - ilAGReNS | (SE ha TAC a 
cies 69,562 100.0 Pie 069m 0020 

| 


hares Ontario Hydro and Statistics Canada. 


These proportions (f, to f7) are then applied to the com- 
puted demands for steam and electricity to determine the 
Quantities ;or sthesultmmate energy, sources = eine iycroestudy 
implies that the equipment used for self generation is near 
capacity. Expansion in the industry could be expected to 
include a proportionate increase in this capability, pro- 
vided that the direction of the expansion is not solely 


in the area of newsprint production. Balanced expansion, 
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j.e. including increases in the sulphate process, would > 
increase the supply of the major fuel for self-generation, 
the spent liquor. If industrial expansion is not so 
balanced, the proportion would have to be re-estimated 


on the basis of the generating capabilities of the 


industry. 


ERE! Se 


TABLE 3.14a 


VARIABLES IN OUTPUT FORECASTING EQUATIONS 


Variables 
(USGNP) 


580,000 
617,800 
647,800 
675,200 
7077200 
725,600 
1227500 
746,300 
71927500 
6 SO) 


Year Dependent Variables Independent 
ies (Qn) (Of) (Qe) (GNP) 
1964 ye] F456 6 PU Sar zo 0 824,638 65,610 
LoS 1,734,406 i OF Sreh00 745,888 ely chek 
1966 1,848,946 dep Leo eyo Goer, 6 1.0 74,844 
o'Gw polo a2 TL AAR EKG Rays 869,058 77,344 
1968 rio; oa4 iy SASS ShSK Gio Doe 81,864 
1969 Ay SESS 42 pe poe 2 gE AO es Sa Py, GOy220 
tO REL) iba ts eet ius) Te) 1207467 023, 344 stele She)i8) 
Pog ie Oe tee 454 4.5 OS ares 94,115 
shee bears DPS Ue oe 1,444,813 Leib oss 207 O80 
Hes bye Ap Saabs ATES Pape oe Oe ep) dae 106,854 
where, On 1s Cotaly provincial Output? in slons;, sOL nNewSpul no, 
Statistics Canada, 36-204 
Or 1s Cotalorovincia le OuLDUuC , INnetons, wor ti necaparetcr 
Statisticsxcanada, 30-204 
UE 0S Ota lb provinclaly exports) incon S, FOL pwOOd sollte, 
computed from Statistics Canada, 36-204 
GNP is Canadian Gross National Product in millions 
OLE Vii eaotrars 
USGNP is United States Gross National Product in millions 


Of e5s8edollars: 
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TAREE SG l4a, (cont'd) 


PROCESS OUTPUT - PULP AND PAPER 
1964 - 1973 


(tons) 


Wood Pulp 


Wood Pulp Ueede Production 


hear Mechanical? Sulphite Sulpuace All Processes 
Ge) (ql) (q2) (q3) 

1964 WA 627572 653,438 3eh6 55.6 3H Lele, OD) 
65 545,067 657,641 4038), Lo7 SR Sina Tes 
1966 Teateisi( akgns) 6627310 455,427 ciypersileyy 21/7 
i967 ey OUiaiy Ler 606,453 539,144 Sr Odio 
1968 560 pan say Sires, esr shrpe ele) 3,644,039 
909 o94)525 Geol 2 Beto 3,961,044 
Lo70 e000 49,o 25 GS oe 659,046 S79 07s 
ie rraak i O04 152 5 ho 662,482 3,800,140 
eT 2. Lee OO Stacia DoLit o Tes 3,937,645 
1973 le sO.Se ppvlen 51 DOA 853,943 4,044,364 


nn U Ene 


i Total amount of wood pulp used as input to all 
papermaking processes in Ontario. 


2 Includes groundwood pulp, screenings, defibrated 
and exploded wood pulp. 


Source: Statistics Canada, 36-204. 
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TABLE 3.14b 


PER UNIT ENERGY REQUIREMENTS 
PULP AND PAPER 


(Btu x 10°/unit) * 


Production Process Energy Form 
(variable) Steam 1 Electricity 
WASP eVpueieah jehtilyeatetes “ein ass ery 2 syile 
Sulphite pulping (Got 5) 6x7ic BSG 
Sulphate pulping (q3 + e6) 1 ae DS 
Newsprint production (Qn) BO eer 
Fine paper production Orn.) 180" av o> 
Chippers (PULPC) = ieee 
Other operations (Qn + ee We fh ae) Oey 


a 


I At 1,333 Btu/lb, i.e. 86 per cent boiler efficiency. 
2 Gordian Associates, Acres' survey, and Ontario Hydro. 

3 Acres' survey. 

Units are tons of output by process as described in text. 


Computed to balance 1972 Statistics Canada and Ontario 
Hydro total energy consumption data. 
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3. 15e— "Other Manucacturing 


In 1973, energy consumption in the industrial sector was 


divided by subsector as follows: 


Btu x 10° Per Cent 


Agriculture 34,145 4.2 
Primary manufacturing 674,459 82 4.0 
Other manufacturing ike Pets e328 
Total phe SieN, OIG 210 


The preceding 14 sections of this report have attempted 

to cover the major energy consuming processes in the 
agriculture and primary manufacturing sectors. This 
section deals with energy consumption in those industries 
which individually are not large consumers of power or 
fuel but collectively consume considerable amounts of 
energy. As a group, this classification would stand 

third in overall energy consumption among the 15 sectors 
covered. Iron and Steel is first and Industrial Chemicals 


second. 


The activities which fall into the "other" category are 
many and varied. They include manufacturers of clothing, 
leather, furniture, fabricated metal products, machinery, 
electrical products and scientific equipment. Of the 
12,395 establishments classified to total manufacturing, 
Oto CoeWwOUlds Des Neth s ssObictwacalceCQOLry.. /[histo2 3 pen 
cent of the industries accounts for slightly over 50 per 


cent of the value of manufacturers’ shipments. 


This sector also includes, by default, the energy consump- 
tion associated with the minor "other operations" in many 


of the 14 previous sectors. When these operations, such 


Pa tee 


as lighting and space heating, were considered to be 
major energy consumers, there was an explicit process 
included in the sector, otherwise they would be included 


here. 1! 


Energy consumption in this sector was composed of three 
primary purchased forms: natural gas (48%), fuel oil 
(2/2.5% )eancwelectricity. (20.55)... $COalwagasoline yeaa 


L.P.G. combined to form the remaining 3.6 per cent. 


The nature of the items produced in this category requires 
that the output measure chosen for the other manufacturing 
sector be the total value of Shipments from each industry 
in the sector deflated by the appropriate price index to 
1971 dollars.* The value of Shipments is related to the 
Canadian Gross National Product (also in 1971 dollars). 


ESTs Le cere em core etre rt eee iets oN Pa) 


te 
The per unit energy consumption data are based on the 
historical requirements of the sector and balanced to 


1973 Statistics Canada figures. 


1 Five industries fall under this classification: 
cement /peclay;, glass ,auron cand estecawimrand Gime. 
No explicit allowance has been made for energy 
consumed in "other operations" in these industries. 


Statistics Canada, Industrial Selling Price 
Indexes (62-528 and 62-002). 


coy Ps SIS ee 
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VARIABLES IN OUTPUT FORECASTING EQUATION 


Veyewes Dependent Variable Independent Variable 
Ge: (Q,) (GNP) 
1964 O77 1005 O22 65,000 
1965 O75 867643 a9 6 | 
1966 aio 09G 069 74,844 
967 27, UD eee 77,344 
1968 2g O21 OG 81,864 
196.9 Sy ee ay OY 5) Boye 2) 
yA 7001 60S SBy39.0 
197. 1S Oa sin wisn SAgLS 
L972 ea Oy Oris, 99,680 
L973 157, old 046 106,845 


where, Q is total output in thousands of constant 
© 1971 dollars, 


GNP is Canadian Gross National Product in 
Maa On Se OLecConScante lo, maooOLLArs:. 
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TABLES . oO 


PER UNIT ENERGY REQUIREMENTS 
OTHER MANUFACTURING 


ul 
(Btu x 10°/unit) 


Energy Form 


PReoauction Fuel Natural 
Process (variable) une feces Coal 


Total shipments (Q,) b.95 3343 0203 


€ 


Y Unitseare thousands 10 107 medolluarcs. 
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APPENDIX A 
REGRESSION EQUATIONS 


APPENDIX A 


REGRESSION EQUATIONS 


The following regression equations were used to derive 
the forecasts of output for the model. The equations 
are listed by section number and equation number. 
Standard errors, multiple regression coefficients and 


Durbin-Watson statistics are shown. 


While many of the equations indicate a low level of 
correlation, it must be remembered that the primary 
objective of this study was not to present a definitive 
forecast but rather to investigate the energy-related 
issues within the industry. The forecasts served only 
to test the energy model. Improved forecasts of the 
output measures should therefore precede any detailed 


r 


Forecasting efiort. 


3.1 - Abrasives 


(11) ee Oa ot ete Oru ~ (AUTOR 
(0.004) 
R2e—mwO0>OL ee UBW = 1.77 


eae 


Be Seno o) cul biuwe 
(2.3) ee) ee Onfico eere Oe OP OP) 
ie) 
R27= 10596 IDBW = e300 


2) eee me) ete oe 8 i POP} 
i, 05) 
R2)= 0.744 DBW = 0.99 


(25,18) 1 i0.$s = > Zoe wihOe amr meni 2 ere Eo 
C2.0e) 
R2a= 02565 (DBW (ele 72 


Cement 


(Ae bye o. wo 2a yg oe et ee toe AC CCON) 
(Soma) 
Roe Oso 7 EDR We ee 


ClayverProducis 


(5 lp es. LoS AB oe ree ee (CONT ea oy Goma Ger eames 
19 7 A5) 
Cae) (LG SL ala/2) 


R2 = 0.59 DBW = 1.44 


Food and Beverages 


(Oil) et 747255 + Oe S77 CPOD) 
(O03) 
R22 7.02.9 JADE Wa mire 


Glass 
CPL)! ios 24 eae ee ey Gere en 
(4.85) 
R2 = 0.91° DBW =-2.17 
Che 2) 2.2: 185397 +20.-046 8 (OCON men O Oi cero AUTO | 


(2 Ones) COR 02) 
R2 = 0.96 DBW = 1.88 


3.8 - Industrial Chemicals 
NSE) Gate, ue eee Bye + 022.1, (PULPC) 
GOO) 
R2 = 0.93 DBW = 2.09 
(Giers a) -94,909 + 3.19 (GNP) 
(0.23) 
R20=, 0.90We DBW =. 1.27 
3.9 — fron Foundries 
Coe, DoF O42 + Ue 7) (AUTOR + 2).62 (GNP) 
(07.022) Cl 69U.) 
Re "0.7/7. DBWe = 1.67 
3.10 - Iron and Steel 
(OC eee eee ee 0 oe TO. Oe GNE) + 2.090) (OAUTO) 
(5.6204) C3205.G.) 
-1,932,618 (DUMMY 1969) 
(3 913k) 
RO =O 93 tDBW =wi2s Ps 
3.11 - Lime 
(Tal) oe 140, 1.92 ke SO Sa PULPC) Ar eeO O28 (STEEL) 
COmET >) (0262.6, 


S131 712.9 = ( DUMNYes19 6+/-) 
(ola), 195) 
R2 = 0259 8)DBW = 2.35 


219 - Ma ning Miser Smelting and Refining 


Mining, *iiiihg, 2 


(SLD 1h) yes (USGNP ) 
(O01) 


R20=, 0.57] OMB DEWE =u -89 


(282) bee 2200 ee 0.41 (USGNP) 
(Ochi) 
R265.) 2 55a IDEWiwe - a0 


en eee ec OG io 12.0) CUSENE) 
(Oe 
R20 Oe DB Wes mel cic 2a onige a ea data only) 


S714 >= )Pulp and apes 


Cree ees cis, EL Sys) PE lel) ae 07.61 “(USGNP) 
(Om) 
R2 = 0.31 DBW = 2.14 


(Ay 2) eee One Po 2m CGN ED 
(0.898) 
R2.=70.96). DEW — 1.22 


(1A 6) 2 ee a Ab, SO eee 0 (USGNP) 
(Olee3 3) 
R200 408 SDB We— 0G 


3.15 - Other Manufacturing 


(US hal este sree lt, 20 OL Omeen 8 Se mN Ey) 
(385) 
R2e a 00 - Ou DEW gee 0S 


DEFINITIONS OF VARIABLES 


Independent Variables 


The following independent (or driving) variables were 
used in the study. Each is listed below with its units, 


source, and variable name assigned in the model. 


AUTOP - North American Automobile Output 
Units : Number of vehicles 
Source : Canadian Motor Vehicle Manufacturers 
Association 
POP — Ontario Population 
Uinistsig Pi erhousands 


SOurce SwaOmrariro, Gratis tics O19 74, 
Tap LeSupe wise 23 


GNP = Canadian Gross National Product 
Units eeMirllvons soft-sconstant 197) dollars 
Source : Bank of Canada Review, Table 52 
OCON - Ontario Residential and Non-residential 
Construction Investment 
Unvcs SMI oOncmot ecOhnStant 19/1500 slags 
DOULrcemE mOlcatt Oro tatists cs. 19/50 Tablewiw..2 


(converted to constant dollars uSing 
GyNG heap Le. teprice sm ndices) 


CCON - Canadian Residential and Non-residential 
Construction Investment 


Units ¢ Millions of constant 1971 dollars 


Source : Bank of Canada Review, Table 52 
(converted to constant dollars using 
Gch wainipwLeilc price: indices) 


USGNP - United States Gross National Product 
Units “ Millions Cf Constant#Lo58edollars 


Sourcell «Statistical Abstract oletie Unread 
States 


DUMMYx - Dummy variables used in the derivation of the 
regression equations to remove unusual shifts 
in. the, dataJseries, <e.g~ lhessJo£Lyproductiron 
due to strikes. 


Dependent Variables 

Several other data series are used as dependent variables 
in the output forecast equations; however, these are com- 
puted endogenously as dependent variables and will not be 


discussed in detail here. These variables are: 


ACRES —- Ontario Agricultural “band Acreages (section 3.2) 


OAUTO 


Ontarre Automobr le Outoul (section a. 4) 
STEBLS—- On tarvot street Output et sec trons slay 


PULPC — Ontario Chemical Wooderul pvOurovi seer! ones e 


YEAR 


Historical values: 


19$3 
1964 
eo OD 
1966 
Gif 
1952 
2269 
SEE AS 
Oya. 
eo 2 
He ge! 


AUTOP 


8,162,453 
8,293,699 
9,996,535 
97992397 
8,159,848 
9,714,097 
9,260,499 
7,488,319 
9,679,645 
9082 370 
105905%647 


INDEPENDENT VARIABLES 


POP GNP 


Ge6C 1D eGenG 10 
Sy700 00) 698 oe 1 
6,969.9 74,844 
TRO Te Os 
7262.0) ean eG4 
7,385.9 86,225 
7 SEO 88s o0 
Te Oo ao Al S 
763309) 409, 680 
7,938.9 196,845 


OCON 


2,396 
Ade 
2,891 
2,804 
3,964 
Sy ean 
Riise 
3,609 
3,625 
eprike. 


CCON 


W829 
9,455 
3,942 
8,634 
9,962 
9,592 
9,433 
19,442 
iy cleys 
125903 


USGNP 


539,009 
617,899 
647,899 
675,200 
797,200 
725,699 
Fe sine 
745,390 
792,599 
839,290 
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CONVERSION FACTORS 


APPENDIX B 


CONVERSION FACTORS 


Fuel oil’ 6.10 x 10® Btu/barrel 
Natural gas UG VOD CN Clisert be 
Coal2 255 eet 0B buy con 
Rlectricrty Geile Bru/cwh 

Coke 2er se oer O- BL ton 
Crude oil BeoO sexe 0s Btu/barre | 
Motor gasoline 5.222 x 10° Btu/barrel 
Kerosene 5.677 x 10° Btu/barrel 
Diesel/light fuel Seago x 20° Btu/barrel 
Heavy fuel oil 6.2874) x 10° Btu/barrel 
Aviation fuel: Beatas x 10° Btu/parrel 
L.P.G. 450958 x 10° Beu/parre! 
Fuel gas be2e74 ec 0" Btuy barred 
Oxygen* 7 06ese) 20° Ben/ ton 
Steam° 2.666 x 10° Btu/ton 
Coke oven gas 500 Btu/scf® 

Blast furnace gas 95 Btu/scf® 


iP. eOrseDpOwer-nour-= 2,545 Btu 


1 Kilocalorie/kilogram = 1.8 Btu/pound 
L Ton 2,000 pounds 


Four fuel oil types (kerosene, diesel, light and heavy) 
weighted by actual consumption in Ontario in 1973. 


Five coal types (imported bituminous, Canadian bitu- 
minous, sub-bituminous, anthracite, lignite) weighted 
Dyeactia weconsimpt on In Ontario in1973. 


AVIAETOneLUrDOs.e Ls 


Production requirement of 500 kwh/ton (23,700 standard 
cubic feet/ton. 


Production requirement of 1,333 Btu per pound in an 
86 per cent efficient boiler. 


Standard cubic foot (60°F - 1 atmosphere) 
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APPENDIX C 


STATIS 1 ICAI SUMMARY BYAINDUSTRY, 1964—-1973 


The following tables list principal statistics and 
energy statistics by industry group by year, 1964 to 
ibe iy 


The price index is from Statistics Canada 62-002 and 
has been converted to 1971 = 1000. The index reflects 
the’ price» of the major producteofithe,industry or 
industry group. Where more than one industry is repre- 
sented in the group, the weighted average index is used 


(weighted by the value of shipments). 


All other data is from the Census of Manufactures. 
Monetary values are in current dollars. No comparable 


data was available for the agricultural sector. 


The energy consumption figures are only for purchased 
fuel and electricity. There is no allowance in these 
figures for feedstocks or energy used as raw materials. 
The units of meaSurement for the energy figures are 
detailed below: 


TONS — “Tons .0f +2000 epounds 
KGALS - Thousands of gallons 
MCF - Millions of cubic feet 
MWH - Millions of watt-hours 
GBTU - Billions of British Thermal Units 
Thus, K = (KiteyeLo* 
M = (Mega) 10° 
Ge=~-(Giga)—1.0? 


Section 


ie) CO) (Go 
e e ci] e 
Cyt a 


Wey Yesy xj fon) (ony dss 


(tea 
oe) 


WwW WwW WwW W WwW WD WwW WW 
oo 16 > _ @ 16s 1. ee = 6 
} 

4 


pe 


1 Standard Industrial Classification, 


Gaz 


LIST OF INDUSTRYSGROUPS INCLUDED IN 
ONTARIO INDUSTRIAL ENERGY STUDY 


(by Report Section) 


PGS ty, 


Abrasives 
Agriculture 

Auto manufacture 
Cement 

Glave PrOdUCES 

Food and beverages 
Glass 

Industrial chemicals 
Iron foundries 

Iron and steel 

Lime 

Mining, smelting 
Petroleum refineries 
Pulp and paper 
Other 


Statistics Canada. 


apr 
010 
323 
spay 
So 
100 
She 1 
378 
294, 
20 E 
Bax 
050, 
865 
2 
150, 
240, 
feels 
354, 


B20 


2D 


160, 
250, 
300, 
Soy 


SiC ee ineluded 


lL L08 
260, 
SOK, 
BGS, 


180, 
290; 
B20% 
3519; 


or 
280, 
330, 
5902 


Gas 


Lis T OP euNDUSTRY: GROUPS 7 EN@LUDED IN 
ONTARIO INDUSTRIAL ENERGY STUDY 


esp agen 
Report 
SiC soect ion Industry 
010 4 Agriculture 
050 BaelZ Mining a(ancluding 070 ands 080) 
100 3.26 Food and beverage industries 
aye Big a Tobacco products industries 
160 te hs) Rubber industries 
e/'0 Sra i) Leather industries 
180 35 Textile industries 
2.0 hen a is Knitting melis 
240 8.5 Clothing industries 
250 Seis’ Wood industries 
260 Sere Furniture and fixtures 
202 3.14 Pulp and paper mills 
279 zis Paper and allied industries, nes 
280 Sale Printing and publishing 
Zo 3210 Iron and steel mills 
294 Slee Iron foundries 
Satie BS) sabe Smelting and refining 
Opel Siibe: Primary metal industries, nes 
300 fie bi) Metal fabricating industries 
S10 SIGE =: Machinery industries 
B25 aie & Motor vehicles manufacturers 
545 cee.) Motor vehicle parts manufacturers 
329 6.55 Transport equipment, nes 
330 aaa Electrical products industries 
Soo Mh tye, Manufacturers of’ clay products 
a 3.4 Cement manufacturers 
354 SaaS Concrete products manufacturers 
356 eM Glass and glass product manufacturers 
Say Sait Abrasives manufacturers 
358 ey slah Lime manufacturers 
Syoe a 21:5 Non-metallic mineral products, nes 
365 Sega ie. Petroleum refineries 
369 Soaks Petroleum, coal products, nes 
373 Sys Manufacturers of industrial chemicals 
Sake) Lie ses Chemical and chemical products, nes 
390 Eps Miscellaneous industries 


1 Standard Industrial Classification, Statistics Canada. 


2 pefinedauso as "to. be consistent with ‘Statistics’ Canada. 
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